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BUFFONS 
NATURAL HISTORY. 


OF THE DEGENERATION OF ANIMALS, 


TE ré me me 2 2 ver) 


VUE deer-kind ho horns are a sort of 
‘wood, and of a solid texture, although ru 

minating, and internally formed like those’ 
whose horns are hollow and porous, seem 10 
form a separate family, i in which the elk is the 
trunk, and therein-deer, stag, axis, fallow- deer, 
and toe-buck, are the lesser and collateral 
branches; for there ate only six species of ani- 
mals whose heads ate armed with branched 
horns that fall off and are renewed every year. 
Independently of this generic character, they 
resemble each other still more in for mation and 
_ nätural habitude ; we should, therefore, sooner 
expect mules from the stag or fallow-deer, join- 
ed with the rein-deer or the axis, than from a 
uñion of the stag with thecow _ 

: We mightbe still better authorised to regard 
all the different kinds of sheep and goats as 
_ gomposing but one family, since they produce 
VOL. X. B | together 
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together mules, which immediately, and in 
the first generation, ascend to the species of 
sheep. We might evenadd to this numerous 
family of sheep and goats those of the gazelles 
and bubalus, which are not less in: number. 
The muflon, the wild goat, the chamois, the 
antelope, the bubalus, the condoma, &c. seem 
to bethe principal trunks of this genus, which 
contains more than thirty different species, and 
the others are only accessary branches which 
have retained the principal characters of the 
. stocks from which they issued; but which, at 
the same time, have prodigiously varied by 
the influence of the climate, the difference of 
the food, and by the state of slavery to which. | 
man has reduced most animals. a nas: 
The dog,.the wolf, the fox, the jackal, and __ 
the isatis, form another genus, the different spe- - 
cies of which resemble each other so strongly, 
especially in their internal conformation, and 
in the organs of generation, that it is difficulté. 
to conceive why they do not intermix. From. 
theexperiments which I made to form a union. 
of the dog. with the wolf and fox, the repug- 
nance to copulate seemed to proceed from the 
wolfand fox rather than from the dog, that is, ‘ 
from the wild animal and not from the tame ; 
for those bitches which I put to the trial would _ 
seadily have permitted the wolfand fox, where+ 1 
; ju 
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as the females of the two latter would never 
suffer the approaches of the dog. The domes- 
tic state seems to render animals less faithful to 
their species : It gives them also a greater de- 
gree of heat and fecundity, for the bitch gener- 
ally produces twice a year, while the females 
of the wolf and fox litter only once ; and it 
is to be presumed, that those dogs which have 
been left in desert countries, and which have 
so greatly multiplied in the island of Juan Fer 
nandes, and in the mountains of St. Domingo, 
&c. produce only once a year, like the wolfand 
the fox. . This circumstance, if it were proved! 
to be the fact, would fully establish the unity 
of genus in these three animals, which resem- 
ble each other in conformation so strongly as 
to oblige us to attribute their repugnance to 
some external circumstances. = = 
* The dog seems to be the intermediate spe- | 
cies between the fox and the wolf. The an- 
cients have stated, that the dog, in some coun-' 
tries, and under particular circumstances, en- 
genders with the wolf and fox. I was desir- 
ous of verifying this assertion, and although I 
did not succeed in the trials I made, yet we 
must not conclude that it is impossible, for 
my experiments were with captive animals ÿ 
and it is known thatn some species captivity 
alone is suflicient to extinguish desire, and to 


give 
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give them a repugnance to copulation, even 


with theirown kind ; consequently they would 


still more refuse to. unite with individuals of 
another species: but I am persuaded,, that 
when in a, state of freedom, and deprived of 
his own female, the dog would unite with the 
wolf and fox, particularly if he had become 
wild, lost his domestic cast, and approached. 
the manner and natural habits of these animals. 
The fox and wolf, however, never unite, though 
they live in thesame climate and country, but 
support their species pure and unmixed; we 


must, therefore, suppose a more ancient de- 


generation than history has recorded, if they. 
ever belonged to one species; it was for 
this reason I asserted that the dog was an 
intermediate species between the fox and 


‘wolf; and his species is also common, since 
it can unite with both; and if any thing 
could shew that they all three originally. 
sprang from the same stock, it is this common: 
affinity between the dog, the fox, and the wolf, 


and which seems to bring their species nearer 


than all the conformities in their figures and: 
organization. To reduce the fox and: wolf, 


therefore, into onespecies, we must return toa 


state of nature very ancient indeed; butin. 


their present condition, we must look upon 


the- 


» 
L2 
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the wolf and fox as the chief trunks in the ge-" 
nus of the five animals. Thedog, the jackal,: 
and the isatis, are only lateral branches” 
placed between the two first ; thé jackal par- 
ticipates of the dog and wolf, and:the isatis of 
the jackal and fox. From a great number of 
testimonies it appears that the jackal and the 
dog engender easily together ; and it is ob- 
servable, from the description and history of 
the isatis, that it almost entirely resembles the’ 
fox in its form and temperament, that they’ 
are equally found in cold countries, but that, 
at the same time, it inclines to the jackal in its 
disposition, continual barking, clamorous 
. voice, and the habit of always going in packs. 

Theshepherd’s dog, which I have considered 
as the original stock of every other dog, is, at 
the same time, that which approaches nearest: 
in figure to the fox. Fe is of the same size, : 
and, like the fox, he has erect ears, a pointed 
muzzle, and a strait trailing tail. He also ap-’ 
proaches the fox in voice, sagacity, and ins 
stinct. The dog, therefore, may originally’ 
have been the issue of the fox, if not in a di- 
rect, at least in a collateral line. The dog, 
which Aristotle calls -canis-laconicus, and 
which he affirms to have proceeded from an’ 
union of the fox and dog, might, possibly, be 

) : the 
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the same as the shepherd’s dog, or, at least, it 
has more relation to him than to any other 
dog. We might, therefore, be inclined to: 
imagine, that the epithet daconicus, left unin- 
terpreted by Aristotle, was only given to this 
dog because he was found in Laconia, a pro- 
vince of Greece; and of which Lacedzemon 
was the capital; but if we attentively consider 
the origin of this /aconic dog we shalt perceive 
that the breed was not confined to the country 
ef Laconia, alone but must have been found in 
every country where there were foxes; and this 
induces me te presume, that the epithet laco- 
ricus might possibly have been used by Aris- 
totle in a moral sense, to express the brevity 
and acutencss of his voice, because he did not 
bark like other dogs, but had a shorier and- 
shrillcr nete, like that of the fox. Now our — 
shepherd’s dog is that to which we can justly 
apply this term of Jaconic, for of all dogs his 
voiceis the sharpest and most rarely employed. 
Besides, the characters which Aristotle gives to 
his laconic dog agree with those of the shepe 
herd’s dog, and perfectly persuade me they are 
the same. # 
: The genus of cruel and rapacious animals is 
one of the most numerous and most diversified ; 
eyils here, as in other cases, seem to be pro- 
duced 
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<tuced under every shape, and to assume various 
natures; thelion and the tiger, being detached 
species, rank in the first line; all the others, as 
the panther, the ounce, the leopard, the lynx, 
the caracal, the jaguar, the cougar, the oce- 
lot, the serval, the margai, and the cat, com- 
pose only one cruel family, whose different 
branches are more or less extended and diver- 
sified according to the difference of climate. 
All these animals resemble each other in natu- 
ral dispositions, although they are very differ- 
ent with respect to size and figure. They all 
havesparkling eyes, short muzzles, and sharp, 
crooked, and retractile claws. They are all 
destructive, ferocious, and untameable. The. 
eat, which is the last.and the least species, al-. 
though reduced to slavery, continues its fere-: 
city, and is no less perfidious.. The wild cat 
has preserved the character of the family, and. 
is as cruel and mischievous. as any of his lar-. 
gerkindred. They are allequally carnivorous,’ 
and enemies to other animals. Man, with all, 
his artand power, has not been able to annihi-. 
late them : fire, steel, poison, pits, and every 
method has been used against them without. 
attaining that point... As the individuals are: 
very prolific, and the species numerous, the 
efforts of man have been limited to keeping 
them at a distance, and confining them in the. 

d deserts 
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deserts, whence they never sally withoutspréads 
ing terror, aiid making great depredations. A 
single tigér issuing from the forest is sufficient 
to alarm a multitude of people, and oblige 
them to take wp arms. What then would be 
the consequence if these sanguinary animals 
came in numbérs, like wolves or jackals, 10 
commit their depredations? Nature has given 
this instinct to timid animals, but fortunately’ 
denied it to the bold tribes ; they go singly, 
and depend upon their courage and strength 
for their safety and support. Aristotle observ- 
ed, and justly remarked, that of all animals 
fartnished with talons not any of them até’ 
sociable, or #0 together in troops.* This ob 
servation, which was then confined to four oF 
five species only, being all that were known! 
in his time, is extended and verified over ten’ 
or twelve other species since discovered. Other 
carnivorous anñitals, such as thé wolf, the 
fox, the dog, the jackal, and the isatis, whose 
. claws ate straight) go mostly in troops, and 
are all timid, and even cowardly. 

* By thus comparing every quadruped, and 
ranking each with its proper genus, we shall’ 
find, that (he two ate po species of which we 

: have 


* Nullum spin cui ungues adunci, gregatile | esse pets. + 
péñ diras. Arist. Hist. Anim. Lib. i 1. Cap. L N 
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have given the history, may be reduced to a 
small number of families, or principal stems, 
from which it is not impossibie all the others 
have derived their origin. — 

To place this reduction in a regular method, 
we shall observe that all ihe animals of the two 
continents, as well as all those peculiar fo the 
Old World, may be reduced to filteen genera, 
and nine solitary species. ‘These genera are, 
first, the whole hoofed genus, properly so 
called, which includes the horse, the zebra, 
and the ass, with all the prolific and barren 
mules. 2. The large cloven-hoofed with hol- 
low horns, as the ox and the buffalo, with 
their varieties. 3. The small cloven-hoofed 
animals with hollow horns, such as the sheep, 
the goat, the gazelle, the antelope, and every 
otherspecies which participates of their nature. 
4. The cloven-hoofed with solid horns, which 
are shed and renewed every year; this family 
contains the elk, the rein-deer, the stag, the 
fallow-deer, the axis, and the roe-buck. 5. 
Theambiguous cloven-hoofed, which is com- 
posed of the wild boar, and all the varicties of 
the hog, such as that of Siam, with a hanging 
belly, that of Guinea, with long ears, pointed 
and turned backwards, and that of the Canary 
islands with thick and long tusks, &c. 6. 


Vou; x. . - Ge The 
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The very extensive race of digitated carni- 
vorous animals with crooked. and retractile 
claws, in which we must comprehend the pan- 
ther, leopard, guepard, ounce, serval, and cat, | 
with all their varieties. 7. The digitated 
carnivorous animals with straight and fixed | 
claws, which include the wolf, fox, jackal, 
isatis, and the dog, with all their varieties: 8. 
The digitated carnivorous animals with, fixed 
claws, and a pouch under their tails. This 
consists of the hyzna, civet, zibet, badger; &c. 
9. The digitated carnivorous animals with 
long bodies, five toes to each foot, and the great 
toe, or thumb, divided from the rest ; this ge- 
nus is composed of the ferret, martin, pole-cat, 
weasel, sable, ichneumon, &c. 10. The nu- 
merous family of digitated quadrupeds which 
have two large incisive teeth in each jaw, and 
no bristles on their bodies ; this contains the 
hare, rabbit, and every kind of squirrels, dor- 
mice, marmots, and rats. 11. The digitated 
_ quadrnpeds, whose bodies are covered with 
spiny quills, as the porcupine and hedge-hog. 
12. The digitated animals covered with scales, 
as the long and short-tailed manis, or scaly li- 
yards. 13. The amphibious digitated genus, 
which includes the beaver, otter, musk-rats, 
walrus, and seals. 14. ‘lhe four-handed genus, 

| | which 
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which comprehends the apes, baboons, mon- 
kies, makis, loris, &c. 15. The winged qua- 
drupeds, which includes bats, &c. with all 
their varieties. The nine detached species are 
the elephant, rhinoceros, hippopotamus, gi-. 
raffe, camel, lion, tiger, bear, and mole, which 
are all subject to a greater or smaller number 
of varieties. ) 

Of those fifteen genera, and nine deineWed 
speciés, seven genera and two species are com- 
mon to both.continents. The two species are, | 
the bear and the mole ; and the seven genera 
are, 1. The great cloven-hoofed with hollow 
horns, for the ox is found in .A merica, under 
the form of the bison. 2. The cloven-boofed, 
with solid horns, for the elk exists in Canada, 
under the name of orignal ; the rein-deer, un- 
der that of caribou; and stags, fallow-deer, and 
roe-bucks, are found in all the provinces of 
North America. 3. The digitated carnivorous 
animals with fixed claws; for the wolfand fox 
are found in the New. W orld as well as in the 
Old. 4. The digitated animals with long 
bodies, as the weasel, martin, and pole-cat, 
are met with in America as wellasin Europe, 
5. We find also in America, part of the digi- 
tated genus with two large incisive teeth in 
each j Jaw, as the squirrels, marmots, rats, &c, 

6, The 
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6; The digitated amphibious genus, as the- 
walrus, seal, beaver, and otter, exist in the 
North of the New Continent, 7. The winged 

genus exist also in America, as the nat oa 

vampire. 

There remains, therefore, only eight genera. 
and five detached species, which are peculiar to 
the Old Continent. These eight genera are,, 
1. The whole-hoofed, properly so called, for 
neitherthe horse, ass, zebra, nor mule, were met 
with in the New Continent, 2. The small 
cloven-hoofed beasts with bollow horns ; for 
sheep, goats, gazelles, or antelopes existed in 
America. 3. ‘The family of hogs; for the 
species of wild boar is not to be found in 
America ; and although the pecari, and its vas 
rieties, are related to this family, yet they dif- 
fer in a sufficient number of remarkable cha- 
racters to justify their separation. 4. Itisthe 
same with carnivorous animals with retractile 
claws; we do not meet with either the panthér, 
leopard, guepard, ounce, or serval, in Ame- 
tica; and although the jaguar, couguar, oce- 
lot, and margai, seem to belong tothis family, 
there is not one of these species of the New 
W orld found in the Old, nor one of the Old to 
be met with in the New. 5. The same re- 
mark may be applied to the digitated qua- 

drupeds 
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drupeds whose bodies arecovered with prickles; 
for although the coendou and the urson ap- 
proach very nigh to this genus, nevertheless, 
these species are very different from those of 
the porcupine and hedge-hoz. G. The digi- 
tated carnivorous genus with fixed claws, and 
a pouch under the tail; for the hyæna, civets, 
and the badger, do not exist in America. 
7. The four-handed genus; for neither apes, 
‘baboons, monkeys, nor makis, have ever been 
seen in America. The sapajous, sagons, opos- 
sums, &c. although quadrumanous, yet they 
essentially differ from those of the Old Conti- 
nent. 8. The digitated genus whose bodies are 
- covered with scales; for none of the scaly 
lizards are found in America, and the ante 
eaters, to whom they may be compared, are 
covered with hair, and differ too much from 
the scaly lizards to be considered of the same 
family. 

Of the nine detached species, seven, namely, 
the elephant, rhinoceros, hippopotamus, gi- © 
raffe, camel, lion, and tiger, are found only in 
the Old World; and two, viz. the bear and 
mole, are common to both continents. 

If we, in the same manner, enumerate the 
animals which are peculiar to the New World, 
we shall find, that there are about fifteen dif 

ferent 
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ferent species which may be reduced to ten’ 
genera and four detached species. These four 
species are the-tapir, the cabiai, the lama, and! 
the pecari; but there is only the tapir we can’ 
absolutely term. detached; for the pecari has! 
varieties ; and the pacos may be united to the 
lama, and the Guinea hog to the cabiai, The: 
ten genera are, 1.) Eight +} ecies of sapajous. 
2. Six species of sagoins. 3. "The opossums, 
phalangers, tarsiers, &c. 4. The jaguars, cou- 
guars, ocelots, margais, &c. 5. Three or four 
species of coatis. 6. Four or five species of 
mouffeties. 7. The agouti genus, which come 
prehends the acouchi, the paca, the aperea, — 
and the tapeti. 8. That of the armadillos, | 
which consists of seven or eight species. 9. 
Two or three species of ant-eaters; and, 
10thly, The sloth, of which we are acquainted 
with but two species. 4h | 
Now these ten genera, and four detached 
species, to which the fifty species of animals 
peculiar to the New World may. be reduced, 
though they differ from those of the Old Con- 
tinent, nevertheless have some relations which 
seem to indicate some common affinity in their 
formation, and lead us to causes of degenera- 
tion, more ancient than any of the rest. We 
have already made the general remark, that all 
| animals 
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animals of the Néw World ‘were much smaller 
than those of the Old. This great diminution 
in size, whatever may be the canse, isa primary 
kind of degeneration, which could not be made 
without having a great influence on the figure 
of the animal, and we must not lose sight of 
this effect in comparing them together. 

The largest is the tapir, which though not 
bigger than the ‘ass, can only be compared 
-with the elephant, rhinoceros, and hippopota- 
mus; he claims the first place for size in the 
New Continent, as ihe clephant’ does in the 
Old. Like the rhinoceros, his upper lip is 
muscular and projecting ; and, like the hip- 
-popotamus, he often enters the water. In some 
respects he represents them ali three, and his 
figure, which partakes more of the ass than of 
any other animal, seems to be as degraded as 
his stature is diminished. The horsc, the ass, 
the zebra, the elephant, the rhinoceres, and the 
hippopotamus, had no existence in Anierica; 
-neither was there an animal in this New Con- 
_ tinent-which could be compared with them, 

either with respect to size or figure. The ta- 
‘pir appears to have some affinity to the whale, 
“but he is so mixed, and approaches so litile to 
any one of them, that it is not possible to at- 
tribute his origin to the degradation of any par- 


ticular 
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ticular species. And, notwithstanding these 
trifling relations which he is found to have 
with the rhinoceros, the hippopotamus, and 
the ass, we must look on him not only as a pe- 
culiar species, but even as a single genus. 
The tapir, therefore, does not belong to any 
species of the Olid Continent, and scarcely 
does he bear any characters which approximate 
him to those animals with which we have just 
been comparing him. The nature of the ca- 
biai is likewise averse from our comparison : 
externally he has no resemblance with any 
other animal, and.only approaches the Indian 
hog of the same continent, by his internal 
parts, and both species are absolutely wep ce 
from all those of the Old Continent. 

The lama and the pacos appear to have more 
significant marks of their ancient parents: the 
first with the camel, and the second in the 
sheep.’ The lama, like the camel, has a long 
neck and legs, slender head, and the upper lip 
divided. He resembles the latter also by 
his gentle manvers, servility of disposition, 
endurance of thirst, and aptness for labour. 
This was the first and most useful domestic 
animal of the Americans : they made use of 
him to carry burdens, in the same manner as 
the Arabs do the camel. Here therefore are 

: suflicient 


NATURAL HISTORY. 17 


sufficient resemblances in the nature of these 
animals, to which we can yet add the perma- 
nent marks of labour; for though the back of 
the lama is not deformed by hunches like that 
of the camel, he, nevertheless, has callosities 
on his breast, occasioned by the like habit he 
is used to of resting on that part of his body. 
Yet, notwithstanding all these affinities, the 
lama isa very distinct and different species 
from thecamel. He is much smaller, not ex- 
ceeding a fourth or a third part of the camel’s 
magnitude. The shape of his body, and the 
quality and colour of his hair, are also very 
different. His temperament is still more so ; 
for he is a phlegmatic animal, and delights 
only to live on-the mountains, whereas the 
camel is of a dry temperament, and willingly 
inhabits the most scorching sands. On the 
whole, there are more specific differences be: 
tween the camel and the lama, than between 
the camel and the giraffe. These three ani- 
mals have many characters in common, by 
which they might be referred to one genus, but, 
at the same time, they differ so much in other 
respects,that we cannot suppose them to be the 
issne of one another; they are, therefore, only 
neighbours and not relations. The height of 
the giraffe is nearly double that of the camel, 
VOL, X. D and 


18 BUFFON’S 


and the camel double that of the lama. The 
two first belong to the Old Continent, and form 
separate species. ‘The lama, therefore, which 
is only found in the New, must be a distinct 
species from both. 

. It is not the same with respect to the pecari, 
for though a different species from the hog, 
he, nevertheless, belongs to the same genus. 
He resembles the hog in shayie, and every ex- 
ternal appearance, and only differs from it in 
some trifling characters, such as the aperture 
on his back, shape of the stomach, intestines, 
&c.. We might, therefore, be led to suppose 
that this animal sprung from the same stock 
as the hog, and that he formerly passed from 
the Old World to the New, where, by the 
influence of the soil, he had degenerated to so 
| great a degree as now to constitute a distinct 

species. 

With regard to the pacos, though it appears 
to have-some affinities with the shcep, in its 
wool and habit of body, yet it differs so great- 
ly in every other respect, that this species 
cannot be looked on either as neighbours or 
allies. The pacos is rather a smalt lama, and 
has not a single mark which indicates its 
haying passed from one continent to the other. 
Thus of the four detached species peculiar to 

the 
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the New World, three, namely, the tapir, the 
cabiai, and the lama, with the pacos, appear 
to belong originally to this continent, whereas 
the pecari, which forms the fourth, seems 16 
be only a degenerated species of the hog, 
and to have formerly derived its AE from 
the Old Continent. 

By examining and comparing, in the same 
manner, the ten genera, to which we have 
_ reduced the other animals peculiar to South 
America, we shall discover, not only singular 
relations in their nature, but marks of their 
ancient origin and degeneration. The sapajous 
and sagoins bear so great a resemblance to the 
monkeys, that they are commonly included 
under that name. We have proved, however, 
that their species, and even their genera, are 
different. Besides, it would be very difficult 
to conceive how the monkeys of the Old Con- 
tinent could assume in America a different- 
_ shaped visage, a long, muscular, and prehensile 
tail, a large partition between the nostrils, and 
other characters, both specific and generic, by 
which we have distinguished and separated 
them from the sapajous, Butas the monkeys, 
apes, and baboons, are only found in the Old 
Continent, we must look upon the sapajous 
-and sagoins as theirrepresentatives in the New, 

for 
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for these animals have nearly the same form, . 
as well externally as internally, and also have 
many things in common in their natural habits 
and dispositions. It is the same with respect to 
the makis, none of which are found in Ame- 
rica, yet they scem to be represented there by 
the opossums, or four-handed animals, with 
pointed muzzles, which are found in great 
numbers in the New Continent, but exist not 
in the Old. We must, however, observe, that 
there is much more difference between the 
nature and the form of the makis, and of these 
four-handed American animals, than, between 
the monkeys and the sapajous ; and that there 
is so great a distance between the opossums and 
the maki that we cannot form an idea that the 
one ever proceeded from the other, without sup- 
posing that degeneration can produce effects 
-equal to those of a new nature; for the greatest 
number of these American four-handed ani- 
mals have a pouch under the belly, ten incisive 
_teeth ineach jaw, anda prehensile tail; whereas 
the maki has a flaccid tail, no pouch under the 
belly, and only four incisive teeth in the upper 
jaw, and six in the lower; therefore, though 
all these animals have hands and fingers of the 
same form, and also resemble each other in the 
elongation of the muzzle, yet their species, 

| and 
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and even their genera, are so different, that we 
cannot imagine them to be one and the same 
issue, or that such great and general disparities 

have ever been produced by degeneration. 
On the other hand, the tigers of America, 
which we have indicated by the names of ja- 
guars, couguars, ocelots, and margais, though 
different in species from the panther, leopard, 
ounce, guepard, and serval, of the Old Con- 
tinent, are, nevertheless, of the same genera. 
All these animals greatly resemble each other, 
both externally and internally ; they have 
also the same natural dispositions, the same fe- 
rocity, the same vehement thirst for blood, and 
what approximates them still nearer in genus, 
those which belong tothe same continent differ 
more from each other than from those of the 
other Continent. For instance, the African 
panther differs less from the Brasilian jaguar 
than the latter does from the couguar, though 
they are natives of the same country. ‘The 
Asiatic serval, and the margai of Guiana, like- 
wise differ less from one another than from the 
species peculiar to their own continents. We, 
‘therefore, may justly suppose, that these ani- 
mals had one common origin, and that, having 
formerly passed from one continent to the other, 
their present differences have proceeded only 
from 
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from the long influence of their new situation. 
The mouffettes, or stinkards, of America, and 
the yolecat. cf Europe, seem: to be of the same 
genus. In general, when a genus is common 
to both continents the species which compose 
it are’ more namerous in the Old than in the 
New; but in this instance it is quite the re-’ 
verse, for there are four or five kinds of pole- 
cats in Ametica, while we have only one, the 
nature of whichis inferior to that of all the 
rest ; so thatthe New World, in its turn, seems 
to have representatives in the Old ; and if we 
judged only from the fact, we might! think these 
animals had taken the opposite road} and pas- 
sed from America to Europe. It is the same 
with respect to some other species. - The roe- 
bucks and the fallow-deer, as well as the stink- 
ards, are more numerous, larger, and stronger 
in the New Continent than in the Old; ve 
might, therefore, imagine them to be original- 
ly natives of America ; but as we cannot doubt 
that every animal was created in the Old Con- 
‘tinent, we must, conseqüently, admit of their 
migration from the ‘Old to the New World, 
and at the same time suppose, that instead of 
having degenerated, like other animals, they 
have improved their original nature by the in- 
fluence of the soil and climate. 


The 
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_ The ant-eaters, which are singular animals, 
and of which there are three or, four species in 
the New World, seem also to have their repre- 
sentatiyes inthe Old, The scaly lizards re- 
semble them in the peculiar character of hav- 
ing no teeth, and of being obliged to put out 
their tongues and feed upon ants ; but if we 
would suppose them to have one common ori- 
gin, it is strange, that instead of scales, with 
which they are covered in Asia, they are cloth- 
ed with hair in America. 

With respect to the agoutis, pacos, and other 
animals of the seventh genus» peculiar to the 
New Continent, we ‘can only. compare them 
with the hare and rabbit, from which, how- 
ever, they all differ in species. W hat renders 
their being of a common origin doubiful is, 
the hare being dispersed almost over every 
climate of the Old Continent, without having 
undergone any other alteration than in the co- 
lour ofits hair. We cannot, with any founda- 
tion, therefore, imagine that the climate of 
- America has so far changed the nature of our 
hares to so great a degree as to make them:ta- 
petis or apereas, which have no tail; or agoutis 
with pointed muzzles, and short round ears ; 
or pacos, with a large head, short ears, and à 
coarse hair marked with white stripes. { 
, Gn 
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On the whole, the coatis, the armadillos, 
and the sloths, are so different, not only in 
_species, but also in genus, from every animal 
ofthe Old World, that we cannot compare 
them with any one; it is also impossible to re- 
fer them to any common origin, or attribute to 
the effects of degeneration the prodigious dif- 
ferences found in their nature from that of 
every other animal. 

Thus, of ten genera, and four detached 
species, to which we have endeavoured to re- 
duce all the animals peculiar to the New 
World, there are only two, the genus of the 
jaguars, ocelots, &c. and the species of the 
pecari, with their varieties, which can with any 
foundation be connected with ihe animals of 
the Old Continent. The jaguars and ocelots 
may be regarded as a species of the leopard or 
panther, and the pecari as a species of hog.’ 
After these are five genera and one detached 
species, namely the species of the lama, and the 
genera of sapajous, sagoins, stinkards, agoutis, 
and ant-eaters,which may becompared,though. 
in avery distant and equivocal manner, with. 
the camel, monkey, polecat, hare, and scaly 
lizards. There then remain four genera and 
two detached species, namely, the opossums, 
the coatis, the armadillos, the sloths, the tapir, 

| and 
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and the cabiai, which can neither be referred 
nor compared to any genera or species of the 
Old Continent. This sutiiciently proves that 
the origin of these animals, peculiar to the 
New world, cannot be attributed merely to 
degeneration. However, great and powerful 
the effects of degeneration may be supposed, 
we cannot, with any appearance of reason, 
persuade ourselves that these animals were 
originally the same as those of the Old Conti- 
nent. It is more reasonable to imagine that 
the two continents were formerly joined, and 
that those species which inhabited the New 
World, because they found the climate and 
soil most suitable to their nature, were sepa- 
rated from the rest by the irruption ofthe sea 
when it divided Asia from America. Thisisa 
natural cause, and similar ones might be con- 
ceived which would produce the same effect ; 
for example, if the sea should make an irrup- 
tion from the eastern to the western side of 
Asia, and thus separate the southern parts of 
Africa and Asia from the rest of the Continent, 
all the animals peculiar to the southern coun- 
tries, such as the elephant, the rhinoceros, 
the giraffe, the zebra, the orang-outang, &c. 
would be, relatively to the others, the same as 
those of South America at present are; they 
VOL. x, MES would 


26 BUFFON’S 


would be entirely separated from the animals 
of the temperate countries, and could not be 
referred to an origin common to any of the 
species or genera which inhabit these coun- 
tries, on the sole foundation that some imper- 
fect resemblances, or distant relations, ms À 
be observed between them. | 2 
We must, therefore, to find out the origin 
of these animals, turn back to the time when 
_ the two continents were not separated, and re- 
fer to the first changes which happened on 
the surface of the globe. We must, at the 
same time, place before our view the two hun- 
dred. species of quadrupeds as constituting 
thirty-eight families; and although this is not 
the state of nature, such as it is come down to 
us, and as we have represented it, but, on the 
contrary,a much moreancient state, which we 
can only attain by induciions and relations _ 
nearly as fugitive as time, which seems to 
have-effaced their traces, we have endeavour- 
ed, by facts and monuments still existing, to. 
eturn to those first ages of nature, and to 
exhibit those epochas which appear to be 
most clearly indicated, 3 
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NATURE AND PROPERTIES OF MINE- 
RALS, VEGETABLES, &c. 


LIGHT, HEAT, AND FIRE. 


“ALL the powers of Nature with which we 
are acquainted, may be reduced to two pri- 
mitive forces; the one which causes weight, 
and that which produces heat. ©The force of 
‘impulsion is subordinate to them ; it depends 
on the first for its particular, and on the latter 
- for its general effects. As impulsion cannot 
exercise itself but by the means of a spring, 
and the spring only acts by virtue of the force 
which approximates the remote parts, it is 
clear, that to perform its power it has need of 
the concurrence of attraction: for if matter 
ceased to attract, if bodies lost their coherence, 
every spring would be destroyed, every motion 
intercepted, and every impulsion void ; since 
motion canot transmit itself from one body to 
another but by elasticity, it is demonstrable, 
that one body absolutely hard and inflexible, 
| would 
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would beabsolutely immoveable, and entirely 
incapable of receiving the action of another. 
Attraction being a general and permanent. ef- 
fect, impulsion, which in most bodies is neither 
constant nor fixed, depends on it as a particular 
effect; for, if all impulsion were destroyed, 
attraction would still equally subsist and act; 
it is, therefore, this essential difference which 
makes inipulsion subordinate to aitraction in 
all inanimate and purely passive matter. 

But this impulsion depends still more imme- 
diately, and generally, on the power which pro- 
duces heat; for it is principally by the means 
of heat, that impulsion penetrates organized 
bodies; it is by heat that they are formed, 
grow, and develope themselves. We may re- 
fer to attraction alone all the effects of inani- . 
mate matter; and in this same power of atirac- 
tion, joined to that of heat, every phenomena 
of live matter. By live matter I understand 
not-only every thing that lives, or vegetates, 
but also every living organic molecule, dis- 
persed in the waste or remains of organized 
bodies. In it [ comprehend also light, heat, 
fire, and all matter which appears to be active 
in itself. Now this live matter always tends 
from the centre to the circumference, whereas 
brute or inanimate matter tends from the cir- 

cumference 
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cumference to the centre. It is an expansive 
power which animates the live matier, and it 
is an attractive force to which the inanimate 
matter is obedient. Although the directions 
of these two powers be diametrically opposite, 
yet they balance themselves without ever being 
destroyed, and from the combination of these 
two powers equally active, all the phenomena 

of the universe result. iv 
Butit may bésaid, by reducing all the powers 
of Nature to attraction and expansion, without 
giving the cause of either, and by rendering 
impulsion, (which is the only force whose cause 
is known and demonstraied to our senses) su- 
-bordinate to both, do vou not abandon a clear 
idea, and substitute two obscure hypotheses in 
its place? To this I answer, that as we know 
nothing except by comparison, we shall never 
have an idea of what general effect will pro- 
duce, because such an effect belonging to 
every thing, we should be unable to compare 
it to any, and consequently there is no hope 
‘of ever knowing the cause or reason why all 
matter attracts, although we are sensible such 
is thefact. If, onthe contrary, the effect were 
particular, like that of the attraction of the 
loadstone and stecl, we might expect io disco- 
ver the cause, because it might be compared 
to other particular effects. To ask why matter 
. | is 
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is extended, heavy, and impenetrable, are ill- 
conceived propositions, and merit not an an- 
swer; it is the same with respect to every 
particular property, when it is essential to the 
subject, and we might as well be interrogated 
why red is red? The philosopher becomes a 
child when he puts such questions ; and how- 
ever much they may be forgiven to the last, 
the former ought to exclude them from his 
thoughts. 3 | 

It is sufficient that the forces of attraction 
and expansion are two general, real, and fixed 
-effects, for us to receive them for causes. of par- 
-ticular ones; and impulsion is one of these ef- 
fec's, which we must notlook upon as a general 
cause, known and demonstrated by our senses, 
since we have proved that this force of impul- 
sion cannot exist nor aci, but by the means of 
attraction, which does not fall upon our senses. 
Nothing is more evident, nay, certain, than 
the communication of motion by impulsion ; 
it is sufficient for one body to strike another to 
produce this effect.. Buteven in this sense, is 
not the cause of attraction, most evident, and 
that motion, in all cases, belongs more to at- 
traction than impulsion? _ | | 

The first reduction being made, it might 
perhaps be possible to adduce a second, and 
to bring back the power even of expansion to 

» as, that 
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that of attraction, insomuch that all the forces 
of matter would depend solely on a primitive 
one; at least this idea seems to’ be worthy of 
that sublime simplicity with which nature 
works. Now cannot we conceive that this 
attraction changes into repulsion every time 
that bodies approach near enough to rub to- 
gether, or strike one against the other? [m- 
penetrability, which we must not regard as a 
force, but as a resistance essential to matter, 
not permitting two bodies to occupy the same _ 
place, what must happen when two molecules, 
which attract the more powerfully asthey ap- 
proach nearer, suddenly strike against each 
other? Does not then this invincible resistance 
of impenetiability, become an active force, 
which, in the contact, drives the bodies with 
as much velocity, as they had acquired at the 
moment they touched? And from hence the 
expansive force will not be a particular force 
opposed to the attractive one, but an effect 
derived therefrom. Town, that we must sup. 
pose a perfect spring in every molecule, and 
in every atom of matter, to have a clear con- 
ception how this change of attraction into re 
pulsionis performed. But even this is sufi- 
ciently indicated by facts; the more matter is 
aitenuated, the more it takes'a spring. Earth 
and water, which are the most grocs aggregates, 
have a less spring than air; and fre, which is 

3 the 
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the most subile of all the elements, is also that 
which has the most expansive force. The 
smallest molecules of matter, the smallest atoms 
with which we are acquainted are those of 
licht, and we are sensible of their being perfectly 
elastic, since the angle under which the light is 
reflected, is always equal to that under which it 
comes. Wemay therefore infer, that all the con- 
siitutive parts of matter in general, area perfect 
spring ; and that this spring produces all the ef- 
fects of the expansive force, every time that bo- 
dies strike by meeting in opposite directions. — 
We know of no.other means of producing © 
fire, but by striking or rubbing bodies toge- 
ther *; since by supposing man without any 
burning glasses, and without actual fire, he 
. willihave no other means of producing it; 
for the fire produced by uniting the rays of 
light, or by application of fire already pro- 

duced, had the same origin. ats 
Expansive force, therefore, in reality might 
be only the re-action of the attractive, a re- 
action which operates every time that the pri- 
mitive molecules of matter, always attracted 
one by the other, happen immediately to 
touch; for then it is necessary, that they be 
repelled 


* The fire, which arises from the fermentation of herbs 
heaped together, and which manifests itself in effervescences, 
is not an exception that can be opposed to me, since this 

roduction of fire depends, like all the rest, from the action 
of the shock of the parts of matter one against the other. 
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répelled with as much velocity as they had 
acquired in’ a contrary direction, at the mo: 
moment of contact ; and when these molecules 
are absolutely free from all coherence and only | 
obey the motion’ alone produced by their at- 
traction, this acquired velocity is immense in 
the point of contact. Heat, light, and fire; 
which are the greatest effects of expansive 
force, will be produced every time that bodies 
are either artificially or naturally divided into 
very minute parts, and meet in opposite di+ 
rections; and the heat will be so much the 
more sensible, the light so much the more 
bright, the fire so much the more violent, ac- 
cording as the molecules are precipitated one 
against the other with more velocity by their 
force of mutual attraction. | 
From the above it must be concluded, that 
all matter may become light, heat, and fire ; 
and that this matter of fire and light is not a 
substance .different from every other, but pre- 
serves all its essential qualities; and even most 
of the attributes ofcommon matter, is evidently 
proved by, first, light, though composed of 
particles almost infinitely minute, is, never- 
theless, still divisible, since with the prism wé 
separate the rays, or different coloured atoms 
one from another. Secondly, light, though 
in appearance endowed with a quality quite 
VOL: xX. pen ll à 3 opposite 
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opposite to that of weight, thats, witha volas | 
tility which we might thinkessential, is, never- 
theless, heavy like all matter, since it bends 
every time it passes near other bodies, and 
finds itself inclined totheir sphere of attraction. 
It is very heavy, relatively to its volume, 
which is very minute, since the immense yelo- 
city with which light moves in a direct-line, 
does not prevent it from feeling sufficient at- 
traction near other bodies, for its direction to 
incline and change in a manner very sensible 
to our eyes. Thirdly, the substance of light — 
is not more ‘simple than all other matter, since 
it is composed of parts. of unequal weight ; the 
red rays are much heavier than the blue; and 
between thesetwo extremes there arean infinity 
of intermediate rays, which approach more or 
less the weight of the red, or the lightness of 
the blue according to theit shades. All these 
consequences are necessarily derived from thé 
phenomena of the inflection of light, and of its 
refraction, which, in reality, is only an in- 
flexion which operates when light passes across 
transparent bodies. Fourthly, it may be de- 
monstrated, that light is massive, and ‘that it 
acts, in some cases, as all other bodies act; 
for, independently of its ordiuary effect, which 
is to shine before our eyes, and by its own 
action, always accompanied with lustre, and 
often 
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often with heat, it acts by ‘its mass; When it ‘is 
condensed, and it acts to the point of putting 
in motion heavy bodies placed in the focus of 
a good burning: glass: it turns a ‘needle ona 
pivot placed: in its focus: it displaces -leaves 
of gold or silver before it melts or evenisensibly 
heats: them, ::'This action, produced by its 
mass, precedes: that: of heat: it operates: be: 
tween the condensed light and the leaves of 
metal inthe same manner:as it operates between 
two other bodies which become contiguous, 
and, consequently, have still this property in 
common with alkother matter. .Fifthly, light 
_ islamixture, like common matter, not only of 
more: gross and minute parts, more or less 
heavy or moveable, but also differently shaped, 
Whoever has observed the phenomena which 
Newton calls the'access of easy reflection, and 
of easy transmission of light ; and on. the ef- 
fects of double refraction of rock dnd: Ieeland. 
chrystal, must have: perceived that the atoms 
of light have many sides, many different sur: 
faces, which, according as they present theme 
selves, constantly» produce different effects. 

+ This, therefore, is sufficient to demonstrate 
that light is neither particular nor different. 
from common matter; that its essence, and its 
essential properties are the same ; and that it 

differs 
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differs only from having undergone, in the 
point of contact, the repulsion whence its vo- 
latility proceeds ; and in the same manner as 
the effect of the force of attraction) extends, 
always decreasing as the space augments, the 
effects‘of repulsion. extend'and decreaséeothe 
more, but in an inverted) order, insomuch:that 
we can apply io: the expansive: force all that 
is known of the attractive: hese dre:two 
instruments of the same: nature,:or rather the 
same instrument, only ARE in two mapper 

site directions.: | x 16% hy 
All matter will eo dei light, ES à hs ‘COs 
herence were destroyed it would be dividedinto . 
molecules sufficiently minute, and these: mole- 
cules; being at liberty, will. be determined: by 
their mutual attraction to rush one against:the 
other. In. the moment of the. shock-the re< 
pulsive force will be exercised, the molecules 
will fly in all directions with an almost infinite: 
volatility, which, nevertheless, is not equal to, 
their velocity acquired in the moment of con-, 
tact, for the law of attraction being augmented 
as the space diminishes, it is evident, that at. 
the contact the space is always proportionable 
till the square of the distance becomes nil,'and, 
consequently, the velocity acquired by virtue’ 
of the attraction must at this point become 
almost 


WATURAL HISTORY. 37 


almost infinite: and it would be perfectly so 
if the contact were immediate, and, conse- 
quently, the distance between the two bodies 
woid’;' but there is’ nothing in nature entirely 
nil,vand-nothing: truly infinite ; and all that f 
have observed of the infinite minuteness of the 
atoms. which;constitute light, of their: perfect 
spring, and of the il distance in tlie moment | 
of contact, must be:understood only relatively: 
If thismetaphysical truth weredoubted, a phy- 
sicaldemonstration may be given. It is pretty 
generally known that light arabe seven mi- 
nutes and a half to come from: the sun to the 
earth; supposing, therefore, the sunat thirty- 
six millions of miles, light darts through this 
enormous distance in that short space, that is 
(supposing its motion uniform), £0,000 miles 
in one second. But this velocity, although 
prodigious, is yet far from being infinite, since 
itis determinable by numbers. Ii will even 
cease to appear so prodigious, when we reflect 
-on the celerity of the motion of the comets to 
their perihelia; or even that of the plancts, and 
by computing that, we shall find that the ve- 
locity: of those immense masses may pretty 
nearly be compared to that of the atoms: of 
light. 

So, likewi ise, as sai matter can vi douvaried 


into 
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into light by the division and expulsion of ils 
parts, when they feel a shock one against 
another, we shell find that all the elements are 
convertible; and if it have been doubted whe- 
ther light, which appearsito be the most simple 
element, may: be converted into a solid sub: 
stance, it 'is because we:‘haye not paid ‘sufficient 
attention to every phenomena, and: were in< 
fected with the prejudice, that being essentially 
volatile it can never become fixed. But it is 
plain that the fixity and volatility depend on 
the same attractive force in the first case, and 
become repulsive in the second ; and from 
thence are we led to think that this changeof 
matter into light, and from light into matter, 
is one of the most thn Ken» of 

Nature.’ L 
Having shewn that finis esha on 
attraction ; that the expansive force, like the 
attractive, becomes negative; that light, heat, 
and fire, are only modes of the common exist: 
ing matter ; in one word, that there exists but 
one sole force, and one sole matter, ever ready y 
to attract or repel, according to circumstances ; 
let us sce how, with this single spring, and 
this single subject, Nature can vary her works, 
ad infinitum. In a general point of view, 
light, heat, and fire, only make one object, but 
| in 
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in à particular point of view they are three 
distinct objects, which, although resembling 
ina great number of ‘properties, differ never- 
theless in a few others, sufficiently essential for 

us to consider them as three distinct things. 
- Light, and elementary fire, compose, it is 
said, only one and the same thing. This may 
be, but as we have not yet.a clear idea of 
elementary fire we shall desist from pronounc- 
ing on this first point. Light and fire, such as 
we are acquainted with, are two distinct sub- 
stances, differently composed. F ire is , in fact, 
very often luminous, but it somctimes also ex- 
ists without any appearance of light. Fire, 
whether luminous. or . obscure, never exists 
without a great heat, whereas light often burns 
with a noise without the least. sensible heat. 
Light appears to be the work of nature while 
fire is only the produce of the industry of man. 
_ Light subsists of itself, and is found diffused 
in the immense space of the whole universe. 
Fire cannot subsist without food, and is only 
found in some parts of this space where man 
preserves it, and in some parts of the profundity 
of the earth, where it is also supported by 
suitable’ food. Light when condensed and 
united by the art of man, may produce fire, 
but it is only as much as ‘it lets fall on com- 
bustible 
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bustible matters.. Light is therefore no more; 
and in this single instance, only the principle 
of fire and not the fire itself: even this principle 
is not immediate, for it supposes the inter- 
mediate one of heat, and which appears to 
appertain more than light to the essence of fire. 
Now heat exists as often without light as light 
exists ‘without heat: these two principles 
might, therefore, appear not to bind them ne- 
cessarily together ; their effects are not con- 
temporary, since in, certain: circumstances we 
feel heat long before light appears, and in 
others we see light: long before we- feel any 
heat. Hence is not heat a mode of being, a 
modification of matter, which, in fact, differs — 
less than all the rest from that of light, but 
which can be considered apart, and still more 
easily conceived? It is, nevertheless, certain, 
that much fewer discoveries have been made 
on the nature of heat than on that of light ; 
whether. man better catches what he sees 
than what he feels; whether light, presenting 
itself generally as a distinct and different sub- 
stance from all the rest, bas appeared worthy 
ofa particular consideration ; whereas heat, the 
effect of which is the most obscure, and pre- 
sents itself as a less detached and less simple 
object, has not been regarded as a distinct 

substance, 
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substance but as an attribute of light and 
fire. | 

~The fist thing worthy of tehiarh; is, that 
the seat of heat is quite différent from that of 
light : the latter occupies and runs through 
ihe void space of the universe ; heat, on the 
contrary, is diffused through all solid matter. 
The globe of the earth, and the whole matter 
of which it is composed, have a considerable 
degree of heat. Water has its degree of heat 
which it does no! lose but by losing its fluidity. — 
The air has also heat, which we call its tempe- 
rature,and which varies much, but is néver en- 
tirely lost, since its springs subsist eyen in the 
greatestcold. Fire has also itsdifferent degrees 

of heat, which appear to depend less onits own 

er nature, than on that of ihe aliments which feed — 

_ it. Thus all known matter possesses warmth : 
and, hence, heat is a:much more general affec- 
tion than that of light. 

Heat penetrates every body without excep- 
tion which is exposed to it, while light passes 
through transparent bedies only, and is stop- 
ped and in part repelled, by every opaque one. 
Heat, therefore acts ina much more general and 
palpable manner than light, and although the 
molecules of heat are excessively minute, since. 
they penetrate the most compact bodies, it 
VOL: Xs —G seems : 
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Seems, however, ‘demonstrable, that they are 
much more gross than those of light ; for -we 
make heat with light, by collecting itin a great 
quantity. Besides, heat acting on the sense of — 
feeling, it is nececssary that its action be pro< 
portionate to the grossness of this sense, the 
same as the delicacy of the organs of sight ap« 
pears to be to the extreme fineness of the parts 
of light; these parts move with the greatest 
velocity, and act in the instant at immense dis- 
tances, whereas those of heat have but a slow 
progressive motion, and only extend to small 
intervals from the bodies whencethey emanate.’ 
The principle of all heat seems to be the at- 
trition of bodies ; all friction, that is, all con 
trary motion between solid matters produces’ 
heat; and if the same effect do not happen to 
fluids, it is because their parts do not touch 
close enough to rub one against the other ;: 
and that, having little adherence between’. 
them, their resistance to the shock of other 
bodies is too weak for the heat to be produced 
to a sensible degree; but we often see light 
produced by an attrition of a fluid, without 
feeling any heat. All bodies whether great 
or little become heated as soon as they meet in’ 
a contrary direction ; heat is, therefore, pro< 


anor by the motion of all palpable matter ;° 7 
- while 
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while’ the production of light, ‘which is also 
. made by motion, but in a contrary direction, 
supposes also the division of matter into very 
minute parts: and as this operation of Nature 
is the same with respect to both, we must con- 
clude, that the atoms of lightare solid of theme 
selves, and are hot at the moment of their 
birth. But we cannot be equally certain, that 
they preserve their heat in the same degree 
as their light, nor that they cease to be 
hot before they cease to be luminous. 
It is well known, that heat grows less, or — 
cold becomes greater, the higher we ascend on 
the mountains. Itis true that the heat which 
proceeds from the terrestrial globe, is of course 
sensibly less on those advanced points, than 
it is on the plains ; but this cause is not; pro- 
portionable to the effect ; the action of heat, 
which emanates from the terrestrial globe, not 
being able to diminish but by the square of 
the distance, it does not appear that at the 
height of half a mile, which is only the three 
thousandth part of the semi-diameter of the 
globe, whose centre must be taken for the fo- 
cus of heat, that this difference, which in this 
supposition is only a unit and nine millions, 
can produce a diminution of heat nearly so 
considerable ; for the thermometer lowers at 
that 
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that height, at all times of the year, to the 
freezing point. It is not probable, that this 
great difference of beat simply proceeds from 
the difference of the earth ; and of that we 
must be fully convinced, if we consider, that 
at the mouth of the voleanos, where the earth: 
is hotter than in any other part on the surface 
of the globe, the air is nearly as cold as on 
other mountains of the same height. | 
It may then be supposed that: the atoms of 
light, though very hot at the moment of quits 
ting the sun, are greatly cooled during the se- 
ven minutes and a half in which they pass 
from that body to the earth; and this in fact. 
would be the case if they were detached ; but, 
as they almost immediately succeed each 
other, and are the more confined as they are 
nearer the place of their origin, the heat lost 
by each atom falls on the neighbouring ones ; 
and this reciprocal communication supports 
the general heat of light a longer time; and 
as their constantdirection is in divergent rays, 
their distance from each other increases ac- 
cording to the space they run over; and as 
- the heat which flies from each atom, as a cen- 
tre, diminishes also in the same ratio, it fol- 
lows, that the light of the solar rays, decreas- 
ing in an inverted ratio from the square of the 
| distance, 
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distance, that of their heat decreases in an in- 
verted ratio of the square of thé same distance. 
* Taking therefore the semi-diameter of the 
sun for a unit, and supposing the action of 
light to be as 1000 to the distance of a demi- 
diameter of the surface of this planet, it will 
not be more than as 122° to the distance of 
two demi-diameters ; as *°°° to that of three 
demi-diameters, as 12°° to the distance of four 
demi-diameters ; and finally, when it arrives 
at us, who are distant from the sun thirty-six 
millions of leagues, that is about two hundred 
and twenty-four of its demi-diameters, the ac 
tion of light will be no more than as Agee ‘ 
that is, more than 50,000 times weaker than’ 
at its issuing from the sun; and the heat of 
each atom of light being <lso supposed 1000: 
at its issuing from the sun, .will not be more 
than as are sece Ase? to the ‘successive of 
1, 2, 3, demi-diameters, and, when arrived at 
us, as —1°99 that is, more than two 
thousand five hundred millions of times: 
weaker than at issuing from the sun. 

If even this diminution of the heat of light 
should not beadmitted by reason of the squared 
square of the distance to the sun, it will still 
be evident that heat, in its propagation, dimi- 
nishes more than light. Jf we excite a very 
strong heat, by kindling à large fire, we shall . 

only 
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only feel it at a moderate distance but we shall 
see the light ata very great one.. If webring 
our hands by degrees nearer and nearer. a 
body excessively hot, we shall perceive that 
the heat increases much more in proportion 
than as the space diminishes ; for we may 
warm ourselves with pleasure at a distance 
-which differs only by a few inches from that. 
at which we should be burnt. Every thing,. 
therefore, appears to indicate, that heat dimi- 
nishes in a greater ratio than light, in propor-. 
tion as both are removed from the focus. 
whence they issued. : ep 
This might lead us to imagine, that the 
atoms of light would be very cold when they 
came to the surface of our atmosphere; but: 
that by traversing the great extent of this. 
transparent mass, they receive a new heat by 
friction. The infinite velocity with which. 
the particles of light rub against those of the 
air, must produce a heat so much the stronger 
as the friction is more multiplied : and it is, 
probably, for this reason, that the heat of the 
solar rays is found much stronger in the lower 
parts of the atmosphere, and that the coldness : 
of the air appears to augment as we are ele- 
vated. Perhaps, likewise, as light receives 
heat only by uniting, a great number of atoms : 
of light is required to constitute a single atom 


of 
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of heat, and this may be the cause why the 
feeble light of the moon, although in the at- 
mosphere, like that of the sun, does not re- 
ceive any sensible degree of heat. If, as M. 
Bouguer says, the intensity of the light of the 
sun to the surface of the earth is 300,900 times 
stronger than that of the moon, the latter must 
be almost insensible, even by uniting it in the 
focus of the most powerful burning glasses, 
which cannot condense it more than 2000 
times ; subtracting the half of which for the_ 
less by reflexion or refraction, there remains 
only a 300dth part intensity to the focus of 
the glass. 
- Thus, we must not infer that light can exist, 
without any heat, but only that the degrees 
of this heat are very different, according to 
_ different circumstances, and always insensible 
when light is very weak. Heat, on the con- 
trary, seems to exist habitually, and even to 
cause itself to be strongly felt without light; 
for in general it is only when it becomes ex-: 
Gessive, that light accompanies if. But the 
very essential difference between these two mo- 
difications of matter is, that heat, which pene- 
trates all bodies, does not appear to fix in any 
ene, whereas light incorporates and extin- 
paient in all those which do not reflect, or 
permit 
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permit it to pass freely ; heat bodiés of all kinds 
to any degree, in a very short time they will 
lose the acquires] heat, and return to the general 
temperature. If we receive light on black or 
white bodies, rude or polished, it will easily be 
perceived, that some admit, and others repe 
it; and that instead of being affected in a uni- 
form manner as they are by heat, they are only 
so relatively to their nature, colour, and po- 
"Tish. Black will absorb more light than white, 
and the rough more than thesmooth. Light | 
once absorbed remains fixed in the body which! 
received it, nor quits it like heat; whence 
we must conclude, that atoms of light.may be: 
come constituent parts of bodies by uniting 
with the matter which composes them ; whereas’ 
heat not fixing at all, seems to prevent the 
union of every part of matter, and only acts to 
keep them separate. . Nevertheless, there are 
instances where heat remains fixed in bodies, 
and others where the light they have absorbed _ 
re-appears, and goes out like heat.. | 
After all there appear to be two kinds of 
heat, the one luminous, of which the sun isthe 
focus; the other obscure, of which the grand 
reservoir is the terrestrial globe. Our body, as 
making part of the globe, participates of this 
obscure heat; and it is for this reason, that 
7 | it 
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it is still obscure to us, because we do not 
perceive it by any one of our senses. , It is, 
with respect to:this heat of the globe, as with. 
its motion, we aresubject to and participate’ 
thereof without feeling or doubting of it : from. 
hence it happened that physicians at first car. 
ried all their views and enquiries on the heat 
of the sun, without suspecting that it makes but 
a very small part of what we really feel ; but 
having madeinstrumentsto discover the differ- 
ence of the immediate heat of the rays of the 
sun, they with astonishment found that the 
heat of them was sixty-six times stronger in 
summer than in winter, notwithstanding the 
strongest heat of our summer differs only a 
seventh from the strongest cold of our winter; 
from whence they have concluded, that, inde- 
pendent of the heat we receive from the sun, 
there emanates another, even from this terrese. 
trial globe, which is much more considerable ; 
insomuch,. that it is at present demonstrable, 
that this heat, which escapes from the bowels of 
the earth, is in our climate at least twenty-nine 
times in summer, and four hundred times in 
winter, stronger than the heat which comes to 
as from the sun. i 
This strong heat which resides in the ine 
terior part of the globe, and which, without 
VOL. xX, | H | ceasing 
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céasifig 16 émanate externally, müst, like ait 
element; enter into the comibifation of all thé 
dither elements. Ifthe sun is the parent of 
Nature, the heat‘ of the earth must be the 
rüther ; they both unite to produce, support, 
and animate organized beings, and to assimilate 
and compose inanimate substances. This in- 
ternal heat of the globe, which tends always 
from the centre to the circumference, i is, in 
y opinion, à great agent in nature. We 
éan scarcely doubt but it is the principal in- 
fluence on the perpendicularity of the’ trunks 
of trees, on the phenomena of électricity, on 
the effects of magnetism, &c. But as I do 
hot pretend to make à physical treatise here, 1 
shall ‘confine mysélf to the effects of this heat 
bn the other elements. Tt is alone sufficient 
td Maïntain the rarefaction se the ‘air to the 
degree that We breathe in: it is more than 
sufficient to keep water in its if of fluidity, 
for we have lowered the thermometers to 'the 
depth of 120 fathoms, ‘and have found ‘the 
température of the water was there nearly the 
Same as ‘at the like depth in ‘the earth, 
hamely, ten degrees two thirds. We must not, 
therefore, be surprized, especially ‘as salt acts 
‘asa prevention, that ‘tlie sea in general does 
not freeze, that ‘fresh water ‘freezes ‘but to a 
| “certain 
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certain thickness, and that the water at bottom 
alwaysrèmains liquid, even. in the:most. intense 
frosts. ' 

Bat of all ‘the disncits the paar is ha on 
which this'internal heat must necessarily have 
produced, .and still produces, the, greatest 
effects. . This :heat, originally. was, doubtless 
much greater-than it is at present; therefore 
we must ireférto it,,as. to the first cause, all the 
sublimations,precipitations, aggregations,aud — 
separations, which hayebeen, and still continue 
tobe madelin the internal: part of the globe, | 
especially in the externallayar which we have 
penetrated, and thé matter of which has been 
removed by: the convulsions of Nature, or by 
_ the:hands of man... The ‘whole -mass | of the 
slobe having been malted, orliquefied by fire; 
the internal is only.a ;conotetejor. discreet glass, 
whose simple substance cannot ;receive any 
alteration-by heat:aloné ; there is, therefore, 
only: an: upper and.-superficial layer, which 
being exposedito the action of.external causes 
imited to thatcof the internal heat, will have 
undergone all the modifications, differences, 
and forms, in one. word, of Mineral Substances, : 
. which ‘their combined àactions.were enabled to 
produce. 

Fire, which at dirst: sight appears. 4o.be only 
& compound of heat and light, might also bea: ~ 
modification 


52 © BUFFON’s 
inodification of the matter, though it does not 
essentially differ from either, and still less from 
both taken together. Fire never exists without 
heat, but it éân exist without light. Heat 
alone, deprived of all appearanceof light, can 
produce tlie samé effects as the most violent fire ; 
so can also light, when it is united. Light 
seems to carry a Substance in itself which has 
no need of fuel ; but fire cannot subsist without 
absorbing the air; and it becomes. more violent 
in proportion tothe quantity itabsorbs; where- 
as light, concentrated and received into a ves= 
sel’ exhausted’ of’ air, acts as fire in air ; and 
leat, confined and retained in a narrow. spaces 
subsists’ ‘and even augments with a very small 
quantity’ ‘of food: The mostgeneral difference 
between fire, ‘heat, and light, appears, there- 
fore, to consist in the cer and vie 
quality, of their food: ~ 
Air is the first food: of fire;  spthusbeaahible 
mattérs are only the second. | It has:been-de- . 
monstrated, by experiments, thata little spark 
of fire, placed in a vessel well closed, in a short 
time absorbsa great quantityofair,and becomes 
extinguished assoon as the quantity or quality, 
of this food becomes deficient. By other ex- 
periments it is proved, that the most com- 
 bustible matters will not consume in vessels 
À well 
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well closed, although exposed to the sorta of 
the greatest fire... Air is, therefore, the first 
and true food of fire, and combustible matters 
would not be able te supply it without the 
assistance and mediation of this element. 

We have observed that heat is the cause of 
all fluidity, and we find, by comparing some 
fluids together, that more heat is requisite to 
keep iron in fusion than gold; and more to 
keep gold than tin; much less is necessary for 
wax, for water less than that, and still less for 
spirits of wine, and a mere trifle is sufficient 
for mercury, since the latter goes 187 degrecs 
below what water can without losing its fluid- 
ity ;: mercury, therefore, is the most fluid of all 
matter, air excepted... Now. this, superior 
fluidity in air indicates the least degree of ad- 
herence possible between its constituting parts, 
and supposes them of such a figure as only to 
be touched at one point... It may, be also ima- 
gined, that, being endowed with so little ap- 
parentenergy and mutual attraction, thcy are, 
for that reason, less massive, and more light, 
than those of every other body; but that con- 
clusion appears unfounded, from the compa- 
rison of mercury, the next fluid body, but of 
which the constituting parts appear to be more 
massive and | Meany than those of any other 


mattery 


æ 
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iattér, excepting gold. The: ‘preater ot lesser 
fluidity, ddes not, therefore, indicate ‘that thé 
. parts ofthe fluid are more‘or less weighty, but 
dhly that their adherence 1'so tiudh the less; 
and their separation So much the énsiers + 20 

Ait) therefore, of all known matter, $s that 
which ‘heat divides the easiest, and ‘is very 
near the nature of fire, whose property corisists ) 
in the éxpañisive motions of its parts 7" atid it 
is front this Similarity: ‘tliat air 0 istronglÿ 
atortents the activity” ‘ef fire, ‘to Which it %% 
“the most powerfaPassistant) and the most ine 
tihiatennd necessary food. ‘Even combustible 
mnidttters Will Hot Akeep Tit alive of deprived “of 
air, for wider this privation the mosPintensé 
fite Will not bu¥A s- but-a Single spark ofairds 
guiiclent to kindle ther; and th proportion ds 
it is Supplied with that Cletont the! ss 
chi so; Pe tee, id dévoile bas. 


at fit, +6 be an seit for they’ ae ne 
| need of the‘dssistance of renewed ait to inflame 
and wholly cotisuitie then? “their combustion 
nay Be ‘performed in the closest Vessels, "but | 
{hat is because those ‘tatters, which afealso 
the ‘most Combustible,’ Uonitain the necessary 
“quantity ofair in their Stibstané ce, theréforethey 
ja no need of the assistance of foreign air. 
This 
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"This seems to indicate that the most’ essential 
difference between combustible matters and 
those which are not so, consists in the latter 
containing only a few or none of the light, 
ethereal, and'oilÿ matters susceptible of an ex: 
| patisive ‘motion, or, at least, if they: contain 
them, that they are fixed, sothat they cannot 
exercise their volatility whenever theforceof the 
fire ‘is not strong enough to surmount the force 
of ‘adhesion which retains them united to the 
fixed’ parts of matter. It may be said that this 
induction is confirmed bya numberof observa- 
tions well known to chemists; ‘but what ap- 
‘pears to‘be less so, and which, nevertheless, is 
‘à necessary con sequence of it, is, thatall matter 
may become volatile when the expansive force 
of the fire ‘can'be rendered superior tothe'at- 
tractive force which holds'the parts of matter 
united; for though to produce a fire ‘suffi- 
ciéntly strong it may.require better constructed 
‘‘iirrors than ‘any at present known, ‘yet we 
are certain ‘that fixity is only a relative qua- 
lity, and that there is no matter absolutely so, 
‘since heat dilates (the most fixed bodies. Now 
is not this dilation the index of a beginning 
‘separation, that may be augmented with a de- 
‘gree of heat'to fusion, and with a still greater 
“heat to volatilisation ? | 
y Combustion 


56 : BUFFON’S 


Combustion supposes something more than 
volatilisation!; it is not sufficient that the parts 
of matter be sufficiently separated to be car- 
ried off by those of heat ; they must also be of 
an analogous nature: to fire without that, 
mercury, being the most fluid next to air, — 
would also be the most combustible, whereas — 
experience. demonstrates, that though very - 
volatile it is not: combustible. . Matter is, in 
general, composed of four | principal’ sub- 
stances, called elements, that is, earth, water, 
air, and fire. . Those in which earth and water 
predominate will be fixed, and :will only be- 
come volatile by the action of heat ; and those 
which contain most. air and fire will be the 
only real combustibles. The great difficulty 
here ‘is. clearly to conceive how air and fire, 
both so volatile, can fix and become. constir 
tuent parts of all bodies. 45 

Fire, by. absorbing air, destroys the spring. 
Now there are but two methods of destroying 
a spring, either by compressing it till it breaks, 
or extending it till it loses its effect. It is. 
plain that fire cannot destroy air by compres- 
sion, since the least degree of heat rarefies it; 
on the contrary, by a very strong heat the 
rarefaction of the air will be so great that it 
will occupy a space thirteen times more ex= ~ 
tended than that of its general volume; and 


by 
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by this means the spring becomes weakened, 
and it is in this staté that it can become fixed, 
and unite with other bodies. 

Light, which falls 6n bodies, is not merely 
reflected, but remains in quantities on the 
small thickness of the surface which it strikes ; 
consequently it loses its notion, extends, is fix- 
éd, atid becontes a constituent part of all that 
it penetrates. Let us add this light, trans 
formed and fixed in bodies, to the above air, 
and to both, the cotistant and actual heat of the 
terrestrial globe, whose sum is much greater 
than that which cotnes from the sun, and then 
it will appéar to be not only one of the greatest 
springs of the mechanism of Nature, but af 
élémént with which the whole matter of the 
globe i is penetrated. | 

If we consider more particularly the nature — 
of combustible mattets, we shall find, (hat they 
all proceed originally from vegetables and ani 
mals; in a word, from bodies placed of the 
surface of the Abe: which the sun enlightens, 
heats, and vivifies. Wood, bitumen, resins; 
coals, fat and oil, by expression, wax, drid suet, 
‘are substances proceeding immediately from: 
animals and végetables. Turf, fossil, coal; 
amber, liquid, or concrete bitumens, are the 
productions of their mixture, and their deconr- 
Fou. x. - I position, 
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position, whose ulterior waste forms sulphurs, 
and.the combustible parts of iron, tin, pyrites, 
and every inflammable mineral. I know, 
that this last assertion will be rejected by those 
who have studied nature only by the mode of 
chemistry ; but I must request them to con- 
sider, that their method is not that of nature, 
and that it cannot even approach it without 
banishing .all those precarious principles, 
those fictitious beings which they play upon, 
without being acquainted with them. | 

. But, without pressing longer onthose general 
considerations, let us pursue in a more direct 
and particular manner the examination of fire 
and its effects. The action of fire depends 

much on the manner in which it is applied ; 
and the effects of its motion, on similar sub- 
tances, will appear different according to the 
mode in which it is administered. I conceive 
that fire should be considered in three different 
states, first relative to its velocity; secondly, 
as to its volume ; and thirdly, as to its mass. 
Under each of these points of view, this ele- 
ment, so simple, and so uniform to all appear- 
ance, will appear extremely different. The 
velocity of fire is augmented without the ap- 
parent volume being increased, every time 
that in a given Space and filled with com- 
bustible 
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bustible matters, its action and expansion is 
pressed by augmenting the velocity of the air 
by bellows, caverns, ventilators, aspirative 
tubes, &c. all of which accelerate more or less 
the rapidity of the air directed on the fire. 
The action of fire is augmented by its volume, 
when a great quantity of combustible matters 
is accumulated, and the heat and fire are 
driven into the reverberatory furnaces, which 
comprehend those of our glass, porcelain, and 
pottery manufactories, and all those wherein 
metals and minerals are melted, iron excepted. 
Fire acts here by its volume, and has only its 
own velocity, since the rapidity is not aug- 
mented by the bellows, or other instruments 
which carry air to the fire. 

There are many modes of augmenting the 
action of fire by its velocity or volume ; but 
there is only one way of augmenting its mass; 
namely, by uniting it in the focus of a burning 
glass. When we receive on the refracting, 
or reflecting mirror, the rays of the sun, or 
even those of a well-kindled fire, we unite 
them in so much the less space, as the mirror 
is longer, and the focus shorter; for example, 
by a mirror of four feet diameter, and one 
inch focus, it is clear, that the quantity of 
ight, or fire, which falls on the four-feet mirror, 

. will 
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will be united in the space of one inch, that is, 
it will be 234 times denser ret: it was, if all 
the incident matter arrived. to this focus with« 
out any loss, and when even the. loss i is two 
thirds or three fourths, the mass. of fire cencen- 
trated in the focus of this mirror, will always 
be six. or seven hundred. times denser than on 
the surface. In this, as in all other cases, 
the mass goes by, the contraction of the vo 
lume; and the fire which we thus augment 
the density of, has all the properties of a mass 
of matter; for, independently of the action of 
heat, by which it penetrates bodies, it impels 
and displaces them as a solid moving. body 
which strikes another would do, RATS 

Each of these modes of administering. fire, 
and increasing either the velocity, volume; or 
mass, often produce very different, effects, on 
the same substances; insomuch, that no reli- 
ance is to be placed on any thing that cannot 
be worked: at. the same time, or successively, 
by all three. In the like manner, as I diyide, 
into three general proceedings the adnainistra- 
tion of this element, I divide every matter that 
can be submitted toits action into three classes. 
Passing over for the present those. which, are 
purely combustible, and which immediately. 


proceed from animals and vegetables; we 
proceed 
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proceed to minerals, in the first class of which 
we reckon. those mineral matters, which this 
action, continued for a long time, re:ders 
lighter, as iron; in the second, such as it ren- 
ders heavier, as lead; and in the third class, 
are those matters on which, as gold, this action 
of fire does not appear to produce any sen- 
sible effect, since it does not at all alter their 
weight. All existing matters, that is, all sub- 
stances simple and compounded, will necessa- 
rily be comprized under, one of these three 
classes ; and experiments on them by the three 
proceedings, which are not difficult to be made, 
and only require exactness and time, might 
develope many useful discoveries, and prove 
very necessary to build on real principles the 
theory of chemistry, which has hitherto been - 
carried on by a precarious nomenclatura, and 
on words the more vague as they are the more 
general. | 
Fire is the lightest of. all: bodies, notwith. 
standing which it has weight, and it may be 
demonstrated, thateven in a small volume it is 
really heavy, as it obeys, like all other matters, 
the general law of gravity, and consequently 
must have connections. or affinities with other 
bodies. All matters it renders more weighty. 
will be, those with which it has the: greatest 
affinity, One-of the. effects of this aflinity. in 
the 
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the matters is to retain the substance even of 
fire, with which itis incorporated, and this in- 
corporation supposes that fire not only loses its 
heat and elasticity, but even ‘all’ its motion, 
since it fixes itself in these bodiés, and becomes 
a constituent part. From which it may be 
imagined that there is fire under’ a fixed and 
concrete form in almost every body.’ 

It is evident, that all matters; whose weight 
increases by the action of’ fire, are endowed 
with an ‘attractive’ force superior to the ex: 
pansive, the fiery particles of which are ani- 
inated ; this being extinguished the motion 
ceases, and the’ clastic and fugitive particles 
become fixed, and take a concrete form. | Thus 
matters, whose weight is increased by fire, as 
iin, lead, &c. are substances which, by their 
affinity with fire, attract and incorporate. Alb 
matters, on the contrary, which; like irony 
copper, &c. become lighter in proportion as 
they are calcined, are substances whose at- 
_ tractive forces, relative to the igneous parti~ 
cles, is less than the éxpansive force of fire; 
and hence the fire, instead of fixing in these 
matters, carries off and drives away the least 
adherent parts which cannot resist its impul~ 
sion. Those which, like gold, platina, silver, 
&c. neither lose nor acquire by the application 
- fire, are substances which, having no affinity 

with 
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with fire, and riot being able to unite; cannot, 
consequently, either retain or accompany if 
when it is carried. off. It is: evident that the 
matters of the two first classes have a certain 
degree of affinity with fire, since those of the 
second class are loaded-with fire, which they 
retain ; and the fire loads itself with those of 
the first class, which it carries off; whereas 
the matters of the third class, to which it 
neither lends nor borrows, have not any aflinity 
or attraction with it, but are indifferent to its 
action, which can neither uprasaiehze nor 
even change them. a 

This division of every matter into three: 
classes, relative to the action of fire, does not 
exclude the more particular and less absolute 
division of all matters into two other classes, 
hitherto regarded as relative to their own na- 
ture, which is said to be always vitrifiable, or 
calcareous. Our new division is only a more 
elevated point of view, under which we must 
consider them, to endeavour to deduce there- 
from even the agent that is used by the rela- 
tions fire can have with every substance to 
which it is applied. 

We might say, with naturalists, that all is 
vitrifiable in Nature, excepting that which is 
ealcarcous : : that quartz, chrystals, precious 
stones, 
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stones, flints, granites, porphyries, agates, 
gypsums, clays, lava, pumice stone, with all 
metals and other minerals, are vitrifiable 
either by the fire of our furnaces, or that of 
mirrors; whereas marble, alabaster, stones, 
chalk, marl, and other substances which pro- — 
ceed from the residue ofshells and madrepores, 
cannot be reduced into fusion by these means. 
Nevertheless Lam persuaded, that ifthe power 
_of our furnaces and mirrors were further in- 
creased, we should be enabled to put these cal- 
careous matters in fusion ; since there are a 
multiplicity of reasons to conclude, that at the 
bottom their substance is the same, and that 
glass is the common basis of all terrestrial matter. 
By my own experiments I have found, that 

the most powerful glass furnaces is only a weak 
fire, compared with that of bellows furnaces ; 
and that fire produced in the focus of a good 
mirror, is stronger than that of the most glow- 
ing fire of a furnace. I have kept iron ore 
for thirty-six hours in the hottest part of the 
glass furnace of Rouelle, in Burgundy, without 
its being melted, agglutinated, or even inany 
manner changed ; whereas, in less than twelve . 
hours this ore runs in a forge furnace. Ihave 
also melted, or volatilized, by a mirror many 
matters which neither the fire, nor reverbera- 
tory 
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. tory furnace, nor the most powerful bellows 
furnace could cause to run. 

It is Commonly supposed, that flame is the 
hottes! part of fire, yet nothing is more errone- 
ous than this opinion; the contrary may be 
demonstrated by the most simple and familiar 
experiments. Offer to a straw fire, or even 
to the flame of alighted faggot,a cloth to dry 
or heat, and treble the time will be required to 
what would be necessary if presented to a bra- 
sier without flame. Newton very accurately 
defines flame to be a burning smoke, and this 
smoke, or vapour, has never the same quanti. 
ty or intensity of heat as the combustible body 
from which it escapes. By being carried up- 
wards and extending, it has the property of 
communicating fire, and carrying it further 
than the heat of the brasier, which alone might 
not be sufficient to communicate it when even 
very mear. ( 

The communication of fire merits a particu- 
lar attention. I found, after repeated reflec- 
tions that besides the assistance of facts which 
appear to have a relation to it, that cxperi- 
ments were necessary to understand the man- 
ner in which this operation of Nature is made. 
Let us recieve two or three thousand weight of 
iron ina mould atitsissuing from the furnace ; 
this metal ina short time loses its incandescence, 
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and ceases from its redness, according to the 
thickness of the ingot. If at the moment its 
redness leaves it, it is drawn from the mold, 
the under parts will be still red, but this colour 
will fly off. Now so long as the redness sub- 
sists, we can light combustible matters by ap- 
plying them to the ingot; but assoon as it has 
lost its incandescent state, there are numbers of 
matters which it will not set fire to, although 
the heat which it diffuses is, perhaps a hun- 
dred times stronger than that of a straw fire, 
which would inflame them. This made me 
think that flame being necessary to. the com- 
munication of fire, there is thereforea flame in 
all incandescence. The red colour seems, in 
fact, to indicate it; and indeed lam convinced, 
that combustible, and even the most fixed mat- 
ters,’ such as gold and silver, when in an in- 
candescent state, are surrounded with a dense 
flame which extends only to a very short dis- 
tance, and which is attached to their surface ; 
and I can easily conceive, that when flame be- 
comes dense to a certain degree, it ceases from 
obeying the fluctuation of the air. This white 
or red body, which issues from all bodies in 
incandescence, and which strikes our eyes, is 
the evaporation of this dense flame which sur- 
rounds the body by renewing itself incessantly | 
on its surface ; and eyen the light. of the sun, 
| which 
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which emits, such an amazing brightness, I 
presume to be only an evaporation of the dense 
state that constantly plays on its surface; and 
which we must regard as a true flame, more 
pure and dense than any proceeding from our 
combustible matters. | 
It is, therefore, by light that fire communi- 
cates, and heat alone cannot produce the same 
effect as when it becomes very strong to be lu- 
minous. Even water, that destructive element 
to fire, by which alone we can prevent its pro- 
gress, neverthcless communicates when in a 
well-closed vessel, such as Papin’s digester, 
where it is penetrated with a sufficient quantity 
of fire to render it luminous, and capable of 
melting lead and tin, whereas when it is only 
boiling, far from communicating fire, it extin- 
guishes it immediately. It is true, that heat 
alone is sufficient to prepare and dispose com- 
bustible bodies for inflammation, by driving 
off the humid parts from bodies ; and what is 
very remarkable, this heat, which dilates all 
bodies, does not desist from hardening them by 
drying. I have anhundred times discovered, 
by examining the stones of my great furnaces, 
especially the calcareous, they increased in 
hardness in proportion to the time they had 
undergone the heat, and they also atthe same 
time became specifically heavier. From this 
cirgumstance, 
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circumstance, I think an induction may. be 
drawn, which would prove, and fully confirm, 
that heat, although in appearance always fu- 
gitive and never stable in the bodies which it 
penetrates, neverthelsss deposits in a positive 
manner many parts which fixes there even in 
greater quantities than the aqueous and other — 
parts which it has driven off. But what ap- 
pears very difficult to be reconciled, this same 
calcareous stone, which becomes specifically 
heavier by the action of a moderate heat a 
long time continued, becomes near a half 
lighter, when submitted to a fire sufficient for. 
its calcination, and, atthe same time, not only 
loses all the hardness it had acquired by the 
action of heat, but even the natural adherence 
of its constituting parts. e. 
Calcination generally received, is, with re= 
speci to fixed and incombustible bodies, what 
combustion is to volatile and inflammable. 
Calcination, like combustion, needs the assist- 
ance of air; it operates so much the quicker, 
as it is furnished with a greater quantity of 
that element, without which the fiercest fire 
cannot calcine nor inflame any thing, except 
such matters as contain in themselves all the 
air necessary for those purposes. This neces- 
sity for the concurrence of air in calcination, 
as in combustion, indicates, that there are more ~ 
things 
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things common between them than has been 
suspected. The application of fire is the prin- 
ciple ofboth; that of air is the second cause, 
and almost as necessary as the first ;, but these 
two causes are equally combined, according 
as they act in more or less time, and with 

more or less power on different substances. 
‘Combustion operates almost instantaneously ; 
calcination is sometimes so long, as to be 
thought impossible; for in proportion as mat- 
ters are more incombustible, the calcination 
is there more slowly made; and when the con- 
stituent parts of a substance, such as gold, are 
not only incombustible, but appear so fixed as 
not to be volatilized, calcination. produces no 
effect. They must both, therefore, be con- 
sidered as effects of the same cause, whose 
two extremes are delineated to us by phos- 
phorus, which is the most inflammable of 
all bodies, and by gold, which is the most 
fixed and least combustible. All substances 
comprized between these two extremes, will 
be more or less subjected to the effects of 
combustion and calcination, according as they 
approach either of them; insomuch, that 
in the middle points there will be found 
substances that endure.an almost equal degree © 
of both ; from which we may conclude, that : 
all calcination is always accopraanied with a 
little 
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little combustion, and all combnstion with a 
little calcination. Cinders ‘and other residue 
of the most combustible matters, demonstrate 
that fire has calcined all the parts it has not 
burned, and consequently, a little calcination 
is found here with combustion? The small 
flame which rises from most matters, that aré 
calcined, demonstrates also that a slight 
combustion is made. Thus, we must not se? 
perate these two effects, if we would find ont 
the results of the action of fire on the differ- 
ent sub:tances to which it is applied. 

But it may be said, that combustion always — 
diminishes the volume or mass, on account of 
ihe quantity of matter it consumes; and that, 
on the contrary, calcination increases the 
weight of many substances. Ought we then 
to consider these two effects whose results are 
so contrary, as effects of the same nature? 
Such an objection appears ‘well-founded, 
and deserves an answer, especially as this 
is the most diflicult point of the question. 
For that purpose let us consider a matter in 
which we shall suppose one half to be*fixed 
parts, and the other volatile or combustible... 
By the application of fire to this, all the vola- 
tile or combustible parts will be raised up or 
burnt, and consequently separated from the 
whole mass; from hence this mass or quantity 

of 


| 


NATURAL. HISTORY. 71 


of matter will be found diminished one half, 
as we see itin calcareous stones; which lose near 
halftheir weight in the fire. But if we con- 
tinue to apply the fire for a very long time to 
the other half, composed of fixed parts, all 
combustion and. volatilization being ceased, 
that matter, instead of continuing to lose its 
mass, must increase at the expense of the air 
and fire with which it is penetrated ; and those 
are matters already calcined, and prepared by 
Nature to the degree where combustion 
ceases, and consequently susceptible of in- 
creasing the weight from the first moment of 
the application. We have scen, that light 
extinguishes on the surface of all bodies 
which do not reflect ; and that heat, by long 
residence, fixes partly in the matters which it 
penetrates; we know also that air is neces- 
sary for calcination, or combustion, and the - 
more so for calcination as having more fixity in 
the external parts of bodies, and becomes a 
constituent part: hence, itis natural to ima- 
gine, that this augmentation of weight pro- 
ceeds only from the addition of the particles 
of light, heat, and air, which are at lencth 
fixed and united to one matter, against which 
they haye made so many efloris, without being 
able eithertoraise or burn them. This appears 

| clearly 
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clearly to be the fact, for if we afterwards pre- 
sent a combustible substance to them they will 
quit the fixed matter, to which they were only 
attached through force, retake their natural 
motion, elasticity, and volatility, and all de- 
part with it; from hence, metal, or calcinized 
matter, to which these volatile parts has been 
rendered, retakes its pristine form, and its 
weightis found diminished by the whole quan: 
tity of fiery and airy particles which were fixed 
in it, and which had been just raised by this 
new combustion. AN this is performed by the 
sole law of affinities ; and their seems to be no 
more difficulty to conceive how the lime of a 
metal is reduced, than to understand how itis 
precipitated in dissolution ; the cause is the 
same, and the effects are similar. A metal dis- 
solved by an acid, will precipitate when to this 
acid another substance is offered with which 
it has more affinity than metal, the acid then 
quits it and falls tothe bottom. So, likewese, 
this metal calcines, that is, loaded with parts 
of air, heat, and fire, which being fixéd, keeps 
it under the form of a lime, and will precipi: 
tate, or be reduced, when presented to this fire 
and fixed air, from the combustible matters | 
with which they have more affinity than with 
the metal ; the latter will retake its first form 
as. 
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as soon asit is disembarrassed from this super. 
fluous air and fire, at the expence of the com- 
bustible matters offered to it, and the volatile 
parts it had lost. | 

Fthink I have now demonstrated, that all the 
litile laws of chemical affinities, which aps 
peared so variable and different, are no other 
than the general laws of attractioit, common 
to all matter ; that this great law, always 
constant and the same, appeared only to vary 
in its expression, which cannot be the same 
when the figure of bodies enters, like an ele 
ment, into their distance. With this new key 
we can unlock the most profound secrets of 
Nature; we can attain the knowledge of 
the figure of the primitive parts of different 
substances ; assign the laws and degrecs of 
their affinities ; determine the forms which 
they take by re-uniting, &c.  T think also I 
have made it appear that impulsion depends: 
on attraction ; and that, although it may be 
considered as a different force, it is, notwith-— 
standing, a particular effect of this sole and 
general one. IT have shewn the communi- 
cation of motion to be impessible without 
a spring, whence I have concluded, that 
ail bodies in Nature are more or less elas- 
lic, and that there is not one perfectly 
WoL. K- » Se | hard : 
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hard ; that is, entirely deprived of a spring, 
since allare susceptible of receiving motion. 
I have endeavoured to shew how this sole 
force may change direction, and attraction 
become repulsion ; and from these grand 
principles, which are all founded on rational 
mechanics, I have sought to deduce the prin- 
cipal operations of Nature, such as the pro- 
duction of light, heat, and fire, and their 
action on different substances ; this last object 
which interests us the most is a vast field, 
but of which I can only cultivate a little spot, 
yet I presume I may render some assistance, . 
by putting into more capable and laborious. 
hands the instruments I made use of. . These 
instruments were the three modes of making: 
_ use of fire, that is, by its velocity, volume, 
and mass ; by applying it concurrently to the 
three classes of substances, which either lose, 
gain, or are not affected by the application of 
fire. - The experiments which [had made on. 
the refrigeration of bodies,on the real weight of, 

fire, on the nature of flame, on the progress of - 
heat, or its communication, its diperdition, its: 
concentration, or its violent, action .without . 
flame, &c. are also so many instruments which . 
will spare much labour to those who choose to 

avail themselves of them, and will produce an 

- ample hdrvest of knowledge. | 
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OF AIR, WATER, AND EARTH. 


en — 


BY our former observations it appears that 
air isthe necessary and first food of fire, which 
can neither subsist nor propagate but by what 
it assimilates, consumes, or carries off, of that 
element, whereas of all material substances, 
air is that which seems to exist the most in- 
dependently ofthe aid or presence of fire; for 
although it habitually has nearly the same heat 
as other matters on the surface of the earth, 
it can do without it and requires infinitely less 
than any of the rest to support its fluidity, © 
since the most excessive cold cannot deprive 
it of that. The strongest condensations are 
not capable of breaking its spring; the 
active fire, in combustible matters, is the 
only agent which can alter its nature by rare- 
fying and extending its spring to the point of 
rendering it ineffectual, and thus destroying its 
elasticity. In this state, and inall the links 
which precede, the air is capable of re-assuming 
its elasticity, in proportion as the vapours of 
combustible matters evaporate and separate 
from it. Butif the spring have been totally 

weakened 
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weakened and extended that it cannot re-instate 

‘itself, from having lost allits elastic power, the 
air, volatile as it might before have been, be- 
comes à fixed substance which incorporates 
with the other substances, and forms a consti- 
_duent part of all those to which it unites by con- 
tact. Under this new form it can no lotiger 
forsake the fire, except to unite, like fixed 
matter, to other fixed matfers; and if there 
remain some parts inse; a able from fire, they 
then make à portion of that element. serve 
it for a base, and are deposited with it in the 
substance they heat and penetrate together. 
This effect is manifested in all calcinations; 
and is the more sensible as the heat is longer ; 
but combustion demands only a small time 
to completely effectuate the same. . If we 
‘wish to hasten calcination the use-of bellows 
may be necessary, not so much to augment 
the heat of the fire as to establish a current 
‘of air on the surface of the matters; yet. itis 
not requisite for the fire to be very fieree to 
deprive air of its elasticity, for a very mode- 
rate heat, when constantly applied ona small 
quantity, is sufficient to destroy the spring ; 
and for this air, without spring, to fix it- 
self afterwards in bodies; there is only a little 
“more or less time required, according to. the 
affinity it may have under this new form, with 
: ‘ the 
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«the matters to which it unites. The heat of 
the body of animals, and even vegetables, is 
‘sufficiently powerful to produce this effect. 
~The degrees of heat are different in different 
kinds of animals : birds are the hottest, from 

which we pass successively to quadrupeds, 

man, cetaceous animals, reptiles, fish, insects, 
and, lastly, to vegetables, whose heat is so tri- 
fling as to have made some naturalists declare 
they had not any, although it is very apparent, 
and.in winter surpasses that of the atmosphere. 

I have frequently observed in trees that were 

cut in cold weather, that their internal part 
was sensibly warm, and that this heat remained 

for many minutes. This heatis only moderate 
while the tree is young and sound, but as soon 

‘as it grows old the heart heats by the fermen- 
tation of the pith, which no longer circulates ° 

there with the same freedom; and as soon as 
this heat begins the centre receives a red tint, 
which is the first index of the perishing state 
. of the tree, and the disorganization of the 
wood. The reason naturalists have not found 
“there wasa difference between the temperature 
of the air, and the heat of vegetables is, be- 
cause they have niade their observations at a 
bad time of the year, and not paid attention, 
that in the summer the heat of the air exceeds 
that 
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that of the internal part ofa tree; whereas in 
winter it is quite the contrary. They have not 
remembered thatthe roots have constantly the 
degree of heat which surrounds them, and 
that this heat of the internal part of the earth 
is, during all winter, considerably greater than 
that of the air, and the surface of the earth. 
‘They did not consicer that the motion alone of 
the pith, already warm, is a necessary cause of 
heat, and that this motion, increasing by the 
action of the sun, or by an external heat, that 
of vegetables must be so much the greater as 
the motion of their pith is more accelerated, 
&c. page] à 
Here the air contributes to the animal and 
vital heat, as we have seen that it does to the 
action of fire in combustible and calcinable 
matters. Animals, which have lungs, and 
which consequently respire the air, have 
more heat than those deprived of them ; and 
the. more the internal surface of the lungs 
is.extended, and ramified in a greater num- 
ber of cells, the more it presents greater su- 
perficies to the air which the animal draws by 
inspiration; the more also its blood becomes 


'. hotter, the more it communicates heat to 


all parts of the body. it nourishes, and this 


proportion takes place in all known animals. 


| Birds, 
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Birds, relatively to the volume of their body, 
have lungs considerably more extended than 
man or quadrupeds. Reptiles, even those with 
a voice, as frogs, instead of lungs have a 
simple bladder. Insects which have little or 
no blood breathe the air only by some pipes, 
&c. Thus taking the degree of the temperature 
of the earth for the term of comparison, I have 
observed that this heat being supposed ten de- 
grees, that of birds was nearly thirty-three, 
that of some quadrupeds more than thirty-one 
and a half, that of man thirty and a half, or 
thirty-one, whereas that of frogs is only fifteen 
or sixteen, and that of fishes and insects only 
eleven or twelve, which is nearly the same as 
that of vegetables. ‘Thus the degree of heat 
in man and animals depends on the force and 
extent of the lungs; these are the bellows of 
the animal machine: the only difficulty is to 
conceive how they carry the ‘air on the fire 
which animates us, a fire whose focus seems 
to be indeterminate ; a fire that has not even 
been qualified with this name, because it is 
without flame or any apparent smoke, and its” 
heat is only moderate and uniform. How- 
ever, if we consider that heat and fire are ef- 
fects, and even elements of the same class ; 
that heat rarefies air, and, by extending its 
| spring, © 
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spring, it may render it without effect; we 
may imagine, that the air drawn by our lungs 
being greatly rarefied, loses its Spring in 
the bronchiz and little vesicles, where it’ is 
soon destroyed by the arterial and venous 
blood, for these blood-vessels are separated — 
from the pulmonary vesicles by such thin di- 

visions that the air easily passes into the’ 
blood, where it produces the same effect as 

upon common fire, because the heat of this 

blood is more than sufficient to destroy the 

elasticity of the particles ofair, and to drag 
them nnder this new form into all the roads’ 

of circulation. The fire of the animal body’ 
differs from common fire only ‘in more or’ 
less ; the degrec-of heat is less, hence there is 

no flame, because the vapours, which represent. 
the smoke, have not heat enough to inflame;' 
every other effect is the same : the respiration’ 
of a young animal absorbs as much airas‘the* 
light of a candle, for if inclosed in vessels of 
equal capacities, the animal dies in the same’ 
time as the candle extinguishes: nothing can 
more evidently demonstrate that the ‘fire of 
the animal and that of the candle ate not of 
the same class but of the same nature, and 16° 
which the assistance of the air is equalty ne- 

cessary. | , bog Sait 
Vegetables, 
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 Vegctables, and most insects, instead of 
lungs, have only aspiratory tubes, by which 
they pump tip the air that is necessary for 
them; it passes in very serisible balls into the 
pith of the vine. This air isnot only pumped 
up by tHe roots but often even by the leaves, 
and forms a very essential part of the food of 
the vegetable which assimilates, fixes, and 
preserves it. Experience fully confirms all 
we have advanced on this subject, and that all 
combustible matters contain a considerable 
quantity of fixed air; as do also all animals 
and vegetables, and all their parts, and the 
waste which proceeds therefrom ; and that the 
greatest number likewise include a certain 
quantity of elasticair. And, notwithstanding 
the chimerical ideas of some chemists, respecting 
phlogiston, there does not remain the smallest 
doubt but that fire or light produces, with the 

assistance of air, all the effects thereof. 
Minerals, which like sulphur and pyrites, 
contain in their substance a quantity of the ul- 
terior waste of animals and vegetables, con- 
tain thence combustible matters, which, like 
all other, contain more or less fixed air, but 
always much less than the purely animal or 
vegetable substances. This fixed air can be 
equally removed by combustion. In animal 
and vegetable matters it is disengaged by 
VOL. xX. M simple 
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simple fermentation, which, like combusfior, 
has always need of air for its operation. Suls 
phurs and pyrites are not the only minerals” 
which must be looked upon as combustible, 
there are many others which FE shall not here 
enumerate, because it is sufficient {o remark, 
their degree of combustion depends commonly 
on the quantity of sulphur which they contain, 
All combustible minerals originally derive this 
property either from the mixture of animal or 
vegetable parts which are incorporated with 
them, or from the particles of light, heat, and 
air, which, by the lapse of time, are fixed in 
their internal part. Nothing, according to 
my opinion, is combustible but that which has 
been formed by a gentle heat, that is, by these 
same elements combined in all the substances 
which the sun brightens and vivifies, or in 
that which the internal heat. of the earth fo- 
ments and unites. 

- The internal heat of the ake of es ai 
must be regarded as the true elementary fire; 
it is always subsisting and constant; it enters, 
like an element, into all the combinations of 
the other elements, and is more than sufficient 
to produce the same effects on air. as actual 
fire on animal heat; consequently this internal . 
heat of the earth will destroy the elasticity ofthe 
air, and render it fixed, which being divided 

into 
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into minute parts will enter into a great num- 
ber of substances, from hence they will contain 
articles of fixed air and fire, which are the first 
principles of combustibility ; but they will be 
found in different quantities, according to their 
degree of affinity with the substance, and this 
degree wil greatly depend on the quantity 
these substances contain of animal and vege- 
table parts, which appeardo bethe base of all 
combustible matter. Most metallic minerals, 
and even metals, contain great quantities of 
combustible parts; zinc, antimony, iron, cop- 
per, &c. burn and producea very brisk flame, 
as long as the combustion of these inflammable 
parts remains, after which, if the fire be con- 
tinued, the calcination begins, during which 
there enters into them new parts of air and 
heat, which fixes, and cannot be disengaged 
but by presenting to them combustible matters, 
with which they have a greater affinity than 
with those of the mineral, with which they 
are only united by the effort of calcination. 
it appears to me, that the conversion of me- 
tallic substances into dross, and their repro- 
duction, might be very clearly understood 
without applying to secondary principles, or 
arbitrary hypotheses, for their explanation. 

Having considered the action of fixed air in 
ihe most secret operations of nature, let us take 
a view 
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a view of it when it resides in bodies under an 
elastic form ; its effects are then as variable as 
the degrees of its elasticity, and .its action, 
though always the same, seems to give different 
products in different substances. To bring this — 
consideration back to a general point of view, 
we will compare it with water and earth, as 
we have already compared it. with fire; the 
results of this comparison between the four 
elements will afterwards be easily applied ‘to 
every substance, since they are all composed 
merely of these four real principles, | 
. The greatest cold that is known, cannot de 
stroy the spring of the air, and the least heat is 
sufficient for that purpose, especially when this 
fluid is divided into very small particles. 
But it must be observed, that between its state 
of fixity, and that of perfect elasticity, there are 
all the links of the intermediate states, in 
one of which it always resides in earth and 
water, and all the substances which are com- 
posed of them ; for example, water, which ap- 
pears so simple a substance, contains a certain 
quantity of air, which, is neither fixed nor 
elastic, as is plain from its congulation, ebul- 
lition, and resistence to all compression, &c. 
Experimental philosophy demonstrates, that 
water is incompressible, for instead of shrink- 
ng and enteri ing into itself when pressed, it 
passes 
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passes through the most solid and thickest 
yessels; which could not be the case if, the 
air it contained were in a state of full elasti- 
city. The air contained therefore in water, 
is not simply mixed therewith, but is united 
in a state where its spring is not sensibly ex: 
ercised ; yet the spring is not entirely de- 
stroyed, for if we expose water to congelation, 
the air issues from its internal part, and unites 
on its surface in elastic bubbles. : This alone 
suffices to prove, that air is not contained in 
water under its common form, since being spe- 
cifically 8590 times lighter, it would be forced 
to issue out by the sole necessity of the prepon- 
derance of water; neither under an aflixed 
form, but only in a medium state, from whence 
_ it can easily retake its spring, and separate 
more easily than from every other matter. 
It may, with some justice, be objected, that 
cold and heat never operate in the same 
mode, and that if one of these causes gives to 
air its elasticity, the other must destroy it. 
and I own that in general it is so, but in this 
particular they produce the sameeffect. It 
is well known that water, frozen or boiled, 
-reabsorbs the air it had lost as soon.as it is 
liquefied or cooled. The degree of affinity of 
air with water, depends, therefore, in a great 
—. measure, on its temperature, which in its li- 
‘quid 
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quid state, is nearly the same as that of the 
gencral heat, to the surface of the earth : the 
air with which it has much affinity penetrates 
it as soon as it is divided into small parts, -yet 
the degree of elementary and general heat, 
weakens their spring so as to render them in- 
efiectual as long as the water preserves this 
temperature ; but ifthe cold penetrate, or this 
degree of heat diminish, then its spring will 
be re-established by the cold, and the elastie’ 
bubbles will rise to the surface of the water: 
ready to freeze; if, on the eontrary, the tem- 
perature of the water is increased by an ex- 
ternal heat, the integrant parts become too 
mueh divided, they are rendered volatile, and 
the air with which they are united, riscs and | 
escapes with them. Water and airhave much 
greater connections between them than oppor 
site properties, and as | am well persuaded, 
that all matter is convertible, and that the ele- 
ments-may be transformed, [ am inclined to 
believe, that water can change into air when 
sufficiently rarefied to raise up in vapours, for 
the spring of the vapour of the water is even 
more powerful than the spring of the air. 
Experience has taught me that the vapours 
of water can increase the fire in the same 
manner as common air; and this air, which 
we may regard as pure, is always mixed with 
| a very 
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& very great quantity of water; but it must 
be remarked, as an observation of much im- 
portance, that the proportions of thé mixtures 
are not nearly the same in these two elements. 
Tt-may be said in general that there is much 
less air in water than water in air. In consi- 
dering this proportion we must refer to ihe 
volume and mass. If weestimate the quantity 
of air contained in water by the volume it will 
appear nil, since the volume is not in the least 
increased. : Thusit is not io the volume that 
we must relate this proportion, it is alone to 
the mass, that is, to the real quantity of mat- 
ter in one and the other of these two elements 
that we must compare that of their mixture, 
by which we shall perceive that theairis much 
more aqueous than the water is aerial, perhaps 
in proportion of the mass, that is, eight hun- 
dred and fifty times. Be this estimation either 
too strong or too weak we can derive this in- 
duction from it, that water must change more 
easily into air than air can transform into 
water. The parts ofair, although susceptible 
of being extremely divided, appear to be 
more gross than those of water, since the 
latter passes through many filtres which air 
cannot penetrate; since the vapours of water 
are only raised to a certain height in the air ; 
and, in short, since air seems to imbibe water 

like 
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like a sponge, to contain it in a large quaitiy, 
and that the container is certainly ae than 
the contained. 

In the order of the conversion of the eles 
ments it appears to me, that water is to air 
what airis to fire, and that all the transforma- 
tions of nature depend on them: Air, like 
the food of fire, assimilates with it; and is 
transformed into this first element. Water; 
rarefied by heat, is transformed into a kind of 
air capable of feeding the fire like common air. 
Thus fire has a double fund of certain subsist- 
ence; if it consüme much air it can also pro- 
duce much by the rarefaction of water, and 
thus repair, in the mass of atmosphere, all the 
quantity it destroyed, while ulteriorly it con- 
verts itself with air into fixed matter in the 
terrestrial substances which it penetrates by its 
heat or by its light. And so, likewise, as 
water is converted into air, or into vapours, as 
volatile as air, by its rarefaction, it is also 
converted into a solid substance by a kind of 
condensation. Every fluid israrefied by heat and 
condensed by cold. Water follows this com- 
mon law, and condenses as it tows cold. Let 
a glass tube be filled three parts fall and it will 
descend in proportion as the cold increases, 
but some time before congelation it will ascend — 

above 
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above the point of three fourths of the height 
of the tube, and increase still moxe considera- 
bly by being frozen. _ But if the tube be well 
stopped, and perfectly at rest, the water will 
continue to descend, and will mot freeze, al- 
though the degree of cold be six, eight, or ten 
degrees below the freezing point ; congelation, 
therefore, presents, in an inverted manner, the 
same phenomena as inflammation. A’ heat, 
however great, shut up in a well-closed vessel, 
will not produce inflammation unless touched 
with an inflamed matter ; so, likewise, to what- 
soever degree a fluid is cooled, it will not 
freeze unless it touch something already frozen, 
and this is what happens when the tube is 
shaken or uncorked; the particles of water, 
which are frozen in the external air, or in the 
air contained in the tube, strike the surface of 
the water, and’ communicate their ice to it. 
dn inflammation, the air, at first very much 
rarefied by jheat, loses its volume, and fixes it- 
self suddenly. : In congelation, water, ‘at first 
condensed by the cold, takes a larger velume, 
and fixes itself likewise, for ice is a solid :sub- 
stance, lighter than water, and would preserve 
its solidity if the cold continued the;same ; :and 
Jam inclined to believe that we may attain © 
the point..of fixing mercury at a dess degree 
ae CRRSERER N ' of 
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of cold, by sublimating it into vapours in a 
very cold air; and also that water, which: 
only owes its liquidity to heat, would become 
a substance much more solid and fusible, as 
it would endure a stronger and a longer = 
the rigour of the cold. : 

But without stopping upon this satigee®, 
that is, without admitting “or excluding the 
possibility of the conversion of the ice into in- 
fusible matter, or fixed and solid earth, lét us 
pass on to more extensive views on the modes 
which Nature makes use of for the transfor- 
mation of water. The most powerful of alland — 
the most evident is the animal filter. "The — 
body of shell-animals, by feeding on the par- 
ticles of water, labours, at the same time, on 
‘the substance to the point of unnaturalizing it. 
The shell is certainly a terrestrial substance, a 
true stone, from which all the stones called 
calcareous, and many other matters, derive 
-their origin. This shell appears to make the 
constitutive part of the animal it covers, since 
-it is perpetuated by generation, for it is on 
the small shell-animal just come into existence 
‘as well as on those which have arrived at their 
full growth ; but this is ‘no’ less a terrestrial 
substance, formed by the secretion or exuda- 
tion of the body, for it increases and thickens 
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by rings and layers in-proportion as the ani- 
mal grows; and stony. matter often exceeds 
fifty or sixty times the mass of the body which 
produces it. Let us, fora moment, reflect on 
the number of the kind of shell-animals, or ra, 
ther. of those animals with a stony transuda- 
tion; they, possibly, are more numerous in the 
sea than the insect kind are upon earth. . Let 
us afterwards represent their full growth, their 
prodigious multiplication, and the shortness 
of their lives, which we may suppose does 
not exceed ten years; let us then consider that 
we must multiply. by fifty or sixty the almost 
immense number of the individuals of this class 
to form an idea of all the stony matter pro- 
duced in ten years; then that this block must 
be augmented with as many similar blocks as . 
there are as many times. ten in all the ages 
from the beginning of the world, and by this 
means we shall conceive, that all our. coral, 
rocks of calcareous stone, marble, chalk, &c. 
originally proceeded alone from the cast-off 
coats of those little animals. 

Salts, bitumen, oil, and the grease of the 
sea, enter little or none into the composition 
of the shell; neither.does the calcareous stone 
contain any of those matters; this stone is, 
therefore, only: water transformed, joined to 
some litile portion of vitrifiable earth, and toa 

great 
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great quantity of fixed air, which may be diss 
‘engaged by calcination, This operation pra- 
duces the same effect on the shells taken in the 
sea as upon those drawn out of quarries; they 
-both form lime, with only alittle difference in 
their quality. Lime, made with oyster or 


other shells, is weaker than that made with - 


marble or hard stone; but the process of Na- 
ture is the same, as are the results of its opera- 
tion. Both shells and stones, lose nearly half 
their weight bythe action of fire in calcination; 
‘the water issues first, after which the fixed air 
is disengaged, and then the fixed water, of 
which these stony substances are composed, re« 
sumes its primitive nature, is elevated into va- 
pours, drove off and rarefied by the fire, so that 
there remains only the most fixed parts of this 
air and water, which, perhaps, are so strongly 
united in themselves, and to the small quantity 
of the fixed earth ofthe stone,that the fire cannot 
separate them ; the mass, therefore, is reduced 
nearly a half, and would probably be still 
more if submitted to à stronger fire. And what 
appears to me to prove that this matter, driven 
out of the stone by the fire, is nothing else than 
“air and water, is the avidity with which cal- 
‘cined stone sucks up the water given to it, and 
the force with which it draws water from the 
‘atmosphere. Lime, by exposure either in air 
or 
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ér water, in a great measure régains the mass 
it had lost by calcination; the water, with the 
dir it contains, replaces:that which the stone 
contained before.’ Stone then retakesits first 
nature, for in mixing lime with the remains of 
other stones, a mortar is made which hardens, 
‘and-becomes a solid substance, like those from 
which it is composed. 

Thus, then, we see on the one hand all the 
talcareous matters, the origin of which we 
must refer to animals; and on the other, all the 
combustible matters proceeding from animal 
orvegetable substances ; they occupy together 
a great space on the earth; yet, however great 
their number may be, they only form a small 
part of the terrestrial globe, the principal 
foundation of which, and the greatest quan- 
tity consisis in one matter of the nature of 
glass; a matter we must look upon as ter- 
‘testrial element, to the exclusion of all other 
substances; to which it serves as a base, like 
earth, when it forms vegetables by the means, 
or remains of animals, and by the transforma- 
tion of the other elements : and it is also the 
ulterior term to which we can return or reduce 
them all. 

It appears that the animal filter Converts 
water into stone; the vegetable filtre can also 
transform it, when all the circumstances are 

Gi found 
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found to be the same. The heat.of vegetables 
and the organs of life being less powerful than 
those of shell animals, the vegetables can pro- 
duce only a small quantity of stones, which 
are frequently found in its fruits ; but it can 
and does convert a great quantity of air, anda 
still greater of water into its substance... It 
may be asserted, without fear of contradiction, 
that the fixed earth it appropriates, and which 
serves as a base. to these two elements, does not 
make the hundredth part of its mass; hence, — 
the vegetable is almost entirely composed of 
air and water, transformed into wood, or a 
solid substance, which is afterwards reduced 
into earth by combustion and putrefaction. 
The same may be said of animals; they not 
only fix and transform air and water, but fire, 
and in a much, greater quantity than vege- 
tables. . It appears, therefore, to me, that the 
_ functions of organized bodies are the most — 
powerful means made use of by Nature for the 
conversion of the elements. We may regard 
each animal, or vegetable, as a small particular 
centre of heat or fire that appropriates to itself 
the air and water which surround it, assimilates 
hem to vegetate or nourish, and live on the 
productions of the earth, which are themselves — 
only air and water previously fixed. It also | 
appropriates to itselfa small quantity of earth, 
and 
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and receiving the impressions of light, the heat 
of the sun and terrestrial globe, it converts into 
its substance all these different elements ; 
works, combines, unites, and opposes them, 
till they have undergone the necessary form 
towards its support of life, and the growth of 
‘organization, the mold of which once given, 
models every matter it admits, and from inani- 
‘mate renders it organized. © 

Water, which so readily coalesces and enters 
with air into organized bodies, unites also with 
some solid matters, such as salts; andit is often 
by their means that it enters into the com- 
position of minerals. Salt at first appears to 
be only an earih soluble in water, and ‘of a 
sharp flavour, but chemists have perfectly 
discovered, that it principally consists in the 
union of what they term the earthly and the 
aqueous principle. The experiment of the 
nitrous acid, which after combustion leaves 
only a small quantity of earth and water, has 
caused them to think, that salt was composed 
only of these two elements; yet I think it 
is easily to be demonstrated, that air and fire 
also enter their composition ; since nitre pro- 
duces a great quantity of air in combustion, 
and this fixed air supposes fixed fire which dis- 
engages at the same time: besides all the expla- 
nations giyen of the dissolution cannot be sup- 
is ported, 
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ported, and it would be against all analogy, 
that salt should be composed only of these 
two elements, while all other substances are 
composed of four. Hence we must not re- 
ceive literally what those great chemists 
Messrs. Stahl and Macquer have said on this 
subject; the experiments of Mr. Hales de- 
_ monstrate, that vitriol and marine salt contain 
much fixed air; that nitre contains:still more, 
even to the eighth ofits weight ; and thatsalt 
of tartar contains still more ihan these, Tt 
may, therefore, be asserted that air enters as a 
principle into the composition of all salts.; 

but this does not support the idea that salt is 
the mediate substance between earth and water; 


these two elements enter in different propor- 
tions into .the different salts or saline sub- | 


stances, whose variety and number are so great, 
as not to be enumerated ; but which, generally 


presented u under the denomination of acids and - 


alkalis, shews us, that there is in general 


more earth than water in the last, and a 


water than earth in the first. _ 

Nevertheless, water, although it may ‘be 
intimately mixed with salts, is neither fixed 
nor united there by a suflicient force to 
- transform it into a solid matter like calcareous 


stone ; it resides in salt or acid under its pri- . 


mitive form, and the best concentrated acid, 
| or 
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or ihe most deprived of water, which might be 
looked uponasliquid earth, only owes its liqui- 
dity to the quantity of the air.and fireit con- 
tains; and it is no less certain, that they are in- 
debted for their savour to the same principles. 
An experiment which I have frequently tried, 
has fully convinced me, that alkaliis produced 
by fire. Lime made according to the common 
mode, and put upon the tongue, even before 
slacked by air or water, has a savour which 
indicates the presence of a certain quantity of 
alkali. Ifthe fire be continued, this lime by 
longer calcination, becomes more poignant ; 
and that drawn from furnaces, where the cal- 
cination has subsisted for five or six months to- 
gether, is still moreso. Now this salt was not 
contained in the stone before its calcination ; 
it augmented in proportion to the strength and 
continuance of the fire; it is therefore evi- 
dent, that it is the immediate product of the 
fire andair, which incorporate in the substance 
during its calcination; and which, by this 
means, are become fixed parts of it, and from 
which they have driven most of the watry 
molecules it before contained. This aloneap- 
peared to me sufficient to pronounce that fire 
is the principal of the formation of the mineral 
alkali; and we may conclude, by analogy, that 
other alkalis owe their formation to the con- 
VOL, X. O abs stant 
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stant heat of the animal and vegetable frotti | 
which they are drawn. | 
© With respect to acids, although the demon: _ 
stration of their formation by fireand fixed air, 
is notso immediate as that of alkalis, yet it 
does not appear less certain. We have proved, 
that nitre and phosphorus draw their origin 
from vegetable and animal matters: that vitriol 
comes from pyrites, sulphur and other combus- 
tibles. Itis likewise certain that acids, whether 
Vitriolic, nitrous, or phosphoric, always con- 
tain a certain quantity of alkali; wemust, there- 
fore, refer their formation and savour to the 
same principle, and by reducing the Variétics of 
both to one of each, bring back all salts to one 
common origin : those which contain most of 
the active principles of air and fire, will riecessa- 
rily have the most power and taste. I under= 
starid by power the force with which salts aps 
pear animated to dissolve other substances. 
Dissolution supposes fluidity, and as it never 
operates between two dry or solid matters, it 
also supposes the principle of fluidity inthe dis- 
solvent, that is, fire ; the power of the dissolvent 
will be, therefore, so much the greater, as on 
one part it contains more of this active princi+ 
ple; and, on the other hand, its aqueous and 
terrene parts will have more aflinity with those 
of the same kind contained in the substances’ 
eg 
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{odissolve; and,as the degrees ofaflinity vary, 
we must not be surprized at different salts va- 
rying in their action on different substances ; 
their active principle is the same, theirdissolv- 
ing power the same; butthey remain without 
exercise when the substance presented repels 
that of the dissolvent, or has no degree of 
affinity with it; but the contrary is the case 
when there is sufficient force of affinity to con- 
quer that of the coherence; that is, when the 
active principles, contained in the dissolvent, 
under the form of air and fire, are found more 
powerfully attracted by the substance to be 
dissolved, than they are by the earth and wa- 
ter they contain. Newton is the first who has 
assigned affinities as the causes of chemical 
precipitation ; Stahl adopted this idea and 
transmitted it to allthe other chemists; and it 
appears to be at present universally received 
asatruth. But neither Newton nor Stahl | 
saw that all these affinities, so different in ap- 
pearance, are only particular effects of the ge. 
neral force of universal attraction: and, for 
want of this knowledge, their theory cannot 
be either luminous or complete, because they 
were obliged to suppose as many trivial laws 
of different affinities, as there were different 
‘sahil ; instead of which there is in fact 
anly 
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only one law of affinity, a law which is pre- 
cisely the same as that of universal attraction. 

Salts concur in many operations of Nature 
by the power they have of dissolvingothersub- 
stances; for, although it is commonly said, 
that water dissolves salt, it is easy to be per- 
ceived, that in reality, when there is a dissolu- — 
tion, both are active, and may be'alike called 
dissolvents. Regarding salt as only a dissol- 
vent, the body to be dissolved may be either 
liquid or solid ; and, provided the parts of the 
salt be sufficiently divided to touch immediate- 
ly those of the other substances, they will act 
and produce all the effects of dissolution. By 
this we see how much the action of salts, and 
the action of the element of water which con- 
tains them, must have influence on the com- 
position of mineral matters. Nature may 
produce by this mode, all that our arts 
produce by that of fire. Time only is requir- 
ed-for salts and water to produce on the most 
compact and hard substances, the most com- 
plete division and attenuation of their parts, 
so as to render them capable of uniting with 
allanalagous substances, and to separate from. 
all others; but this time, which to Nature is 
never wanting, is, of all things, that which is 
the most deficient tous: the greatest ofall cur 
arts, therefore, is that of abridging time, that 

is, 
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fs, to effect that in one day, which nature takes 
anage to perform. However vain this pre- 
tension may appear, we must not entirely re- 
nounce it, for has not man discovered the 
mode of creating fire,of applying it to his use, 
and by the means of this element to suddenly 
dissolve those bodies by fusion which would 
require a considerable period by any other 
means? 

We must not, however, conclude that Na- 
ture really performs by the means of water all 
that we do by fire. The decomposition of 
every substance is only tobe made by division, 
andthe greater this division the more the de- 
composition will be compiete. Fire seems to 
divide as much as possible those matters which 
it fuses; nevertheless it may be doubted whe- 
ther those which water and acids keep in dis- 
solution are not still more divided, and the 
vapours raised by heat contain matters still 
further attenuated, in the bowels of the earth, 
then, by the means of the heat itincludes, and 
. the water which insinuates, there is made an 
infinity of sublimations; distillations, chrys- 
tallizations, aggregations, and disjunctions, of 
every kind. By time all substances may be 
compounded and decompounded by these 
means; water may divide and attenuate the | 
parts morc than fire when it melts them, and 

those 
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those atlenuated parts will join in the same 
manner as those of fused metal unite by cool- 
ing. Crystallization, of which the salts have 
given us an idea, is never performed but when 
_a substance, being disengaged from every 
other, is much divided and sustained by a 
fluid, which having little or no affinity with it, 
permits it to unite and form by virtue of its 
force of attraction, masses of a figure nearly 
similar to its primitive parts. This operation, 
which supposes all the above circumistances, 
may be done by the intermediate aid of fire as 
well as by that of water, and is often accom- 
plished by the concurrence of both, because 
all this exacts but one division of matter suffix 
ciently great for its primitive parts to be able 
_to form, by uniting figured bodies like them- - 
. selves. Now fire can bring many substances 
to this state much better than any other diss 
solvent, as observation demonsirates to us in 
asbestos, and other productions of fire, whose 
figures are regular, and which must be looked 
upon as true crystallizations. Yet this de- 
gree of division, necessary to crystallization, : 
‘is not the greatest possible, since in this state 
the small parts of matter are still sufficiently 
large to constitute a mass, which like other | 
masses, is only obedient to the sole attractive 
force, and the volumes of which, only touch- 
ing in points, cannot acquire the resultive — 
| force . 
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force that a much greater division might per- 
form by a more immediate contact, and this 
-is what we see happen in effervescences, where 
at once, heat and ligh! are produced by the. 
mixture of two cold liquors. | 
Light, heat, fire, air, water, and salts, are 
steps by which we descend from the top of 
Nature’s ladder to its base, which is fixed 
earth. And these are at the same time the 
only principles that we must admitand com-: 
: bine for the explanation of all phenomena. 
These principles are real, independently of. 
all hypotheses and all method, as are also: 
their conversion and transformation, which: 
are demonsirated by experience. It is the 
same with the element of earth, it can convert 
itself by volatilizing and taking the form of 
the other elements, as those take that cf earth 
in fixing ; it, therefore, appears quite useless 
to seek for a substance of pure earth in terres- 
trial matters. The transparent lustre of the 
diamond dazzled the sight of our chemists, 
when they considered that stone as a pure ele- 
mentary fire; they might have said with as: 
much foundation, that it is pure water, all the 
parts of which are fixed to compose a solid 
diaphanous substance: When we would de- 
fine Nature, the large masses should alone be 
considered, and those elements have been well 
taken notice of by even the most ancient philo-. 
| sophers. 
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sopbeis. The sun, atmosphere, earth, sea, &c. 
are all great masses on which they established 
all their conclusions; andifthere ever had ex- 
isted a planet of phlogiston, an atmosphere 
of alkali, an ocean of acid, or a mountain of 
diamonds, such might have been looked upon 
as the general and real principles of all bodies, 
but they are only particular substances, pro- 
duced, like all the rest, by the combinations 
of true elements; and ideas to the contrary 
would nevèr have been started but upon the 
supposition that the earth was neither more” 
simple nor less convertible than either of the. 
other clements. tout 
In the great mass of solid matter, which the 
earth represents, the superficial is the least 
pure. All the matter deposited by the sea, in 
form of sediment, all stones produced by shell- 
animals, all substances composed by the com- 
binations of the waste of the animal or vege- 
tablekingdom, and all those which have been 
changed by the fires of volcanos, or subli-_ 
mated by the internal heat of the globe, are 
mixed and transformed substances ; and al 
thoughthey compose great masses they do not 
clearly represent io us the element of earth. 
They are vitrifiable matters, whose massmustbe 
considered as 100,000 times more considerable — 
than all those other substances, which should 


be regarded as the true basis of this element. 
| eee fF: 
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itis from this common, foundation that all 
other substances have derived the origin of 
their solidity, for all fixed matter, however 
much decomposed, subsides finally into glass 
by; thesole.action of fire : it resumesits first na- 
ture, when disengaged from the fluid, or vola- 
tile matters, which were, united with it ; and 
this glass, or virtreous matter, which compo- 
ses the mass of our globe, represents so much 
the better the element of earth, as it has nei- 
ther colour, smell, taste, liquidity, nor fluidity, 
qualities which all proceed from the other ele- 
ments, or belong to them. 
If glass be not precisely the element of sed | 
it.is at least the most ancient substance of it ; 
metals are more recent, and less dignified ; 
and most other minerals form within our sight. 
Nature produces glass only in the particular 
focus of its volcanos, whereas every day she 
forms other substances by the combination 
of glasswith the other elements. If we would 
form to ourselves a just idea of her formation 
of the globe, we must first consider her proces- 
ses, which demonstratethat it has been melted 
or liquefied by fire; that from this immense 
heat it successively passed to its present de- 
gree; that in the first moments, where its sur. 
face began to take consistence, inequalitics 
ee eae Ce must 
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must be formed, stich as we see on the surface’ 
of melted matters grown cold: that the high 
est mountains, all composed’ of vitrifiablé 
matters, existed and take their date from: that: 
moment, Which fs also that of the seperation of 
the great masses of air, water, and earth ; that! 
afterwards, during the’ Tong space: of time 
which thé diminution of the heat of the globe’ 
to thé point of present teniperatute supposes; 
there ‘were made in these mountains, which: 
vere the “parts most exposed to the action: 
of external causes, an infinity of fusions, sub- 
limations, aggregations, and transformations, 
by the fire of the sun, and all the other causes 
which this great heat rendered more active 
than they at present are, and that consequently: 
we must refer back to this date the formation’ 
of metals and minerals which we find in great. 
masses, and in thick and continued veins. The 
violent fire of inflamed earth, after having 
raised up and reduced into vapours all that 
was volatile, after having driven off from its: 
internal parts the matters which compose the 
atmosphere and the sea, and at the same time: 
sublimated all the least fixed parts of theearth, 
raised them up and deposited them in every 
void space, in all the cavities which formed on 
the surface in proportion as it cooled ; this, 
then, is the origin and the gradation of the 
situation 
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situation and formation of vitrifiable maiters 
which fire has divided, formed and sublimated 
After this first establishment (and which 
still subsists) of vitrifiable matters and minerals 
into a great mass, which can be attributed to 
the action of fire alone, water which till then 
formed with air only a vasi volume of vapours, 
bean {0 take its present state ; it collected 
and covered the greatest part of the surface of 
the earth, on which, finding itself agitated 
by a continual flux and reflux, by the action of 
‘winds and heat, it began to act on the works 
of fire: it'changed, by degrees, the superficies 
-of vitrifiable matters ; it transported the wrecks 
and deposited them in the form of sediments ; it 
nourished shell-animals,it collected theirshells, 
produced calcareous stones, formed. hills and 
mountains, which becoming afterwards dry, 
received in their cavities all the mineral imat- 
ters they could dissolve or contain. 
‘To establish a general theory on the for- 
mation of Minerals, we must begin then by 
distinguishing with the greatest attention, first, 
those which have been produced by the pri- 
mitive fixe ofthe earth while it was burning 
with heat; secondly, those which have been 
formed from the waste of the first by the means 
of water; and thirdly, those which in vol- 
Berre ot 2 ‘ | canos, 
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canos, or other subsequent conflagrations, 
have a second time undergone the proof ofa 
violent heat. These three. objects are’ very 
distinct, and comprehend all the minéral 
kingdom; by not losing sight of them, and by 
connecting each substance, we can scarcely be 
deceived in its origin, or even in the degrees 


in masses, or large veins in our high, moun- 
iains, must be referred to the sublimation, of 
the primitive fire; all those which are found 
in small ramifactions, in threads ortin vegeta- 
tions, have been formed only from the waste 
of the first hurried away by the. stillation of 
waters. Weareevidently convinced of this, 
by comparing the matter of the’ iron mines 
of Sweden with that of our own. These 
are the immediate work of water, and. we see 
them formed before our eyes ; they are not at- 
tracted by the load stone ; they do not contain 
any sulphur,and are found onlydispersed inthe 
earth: ; the rest are all more orless sulphuxeous, 
all attracted by the loadstone, which alone sup- 
poses that they have undergone the action of 
‘fire ; they are disposed in great, hard,:and solid 
masses: and their substance is mixed witha . 
quantity of asbestos, another index of.-the 
‘action of fire. Itisthe same with other metals: 
their’ ancient foundation comes from fire, and 


NATURAL HISTORY. :. 4309 


all their great masses have been united by its 
action; but all their crystallizatians, vegeta- 
tions, granulations, &c. are due to the second- 
‘ary causes, in which water is the primary 
agent. 


EXPERIMENTS ON THE PROGRESS OF HEAT 
IN MINERAL SUBSTANCES. | 
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I CAUSED ten bullets to be made of forged 
‘and beaten iron; the first, of half-inch diame- 
ter; the second, of an inch; and so on pro- 
gressively to five inches: and as all the bullets 
were made of iron of the same forge, their 
weights were found sm d roportionnnls to 
their volumes. 

‘The bullet of half an se wéighed 190 
grains, Paris: weight ; that of an inch, 1522 
grains; that of an inch anda half, 5136 
grains; that of two inches, 12173 grains; 
that of twoinches and an half, 23781 grains ; 
ihat of three inches, 41085. grains; that of 
‘three inches ‘and a half, 65254 grains; that of _ 
four inches, 97388 grains; that of four inches 


and, 
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and an half, 138179 grains; and that of five 
inches, 190211 grains. All: these weights 
-were taken with very good. scales, and those . 
bullets which were found too heavy, were 
filed. | 
While these bullets were making, the ther- 
mometer exposed to the open air was at the 
freezing point, or some degrees below; butin 
the pit where the bullets were suffered to cool, 
ihe thermometer was nearly ten degrees above 
that point ; that isto say, to the degree of tem- 
perature of the pits of the observatory, and it. 
is this degree which I have here taken for that 
of the actual temperature of the earth. To 
know the exact moment of their cooling to 
this actual temperature, other bullets of. the 
same matters, diameters, and not heated, were 
made use of for comparison, and which were 
felt at the same time as the others. By the im- 
mediate touch of the hand, or two hands, on 
the two bullets, we could judge of the moment 
when they were equally cold; and as the 
greater or less smoothness ‘or roughness of 
bodies makes a great difference to the touch ; 
(a smooth body, whethér hot or, cold, ap- 
pearing much more so than a rough body, 
even of the same matter, although they are 
both equally so) I took care that the cold bul- 
lets 
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léts were rough, and like those which had 

been heated, whosesurfaces were sprinkled over, 

with little eminences produced by the fire., 
EXPERIMENTS. 

i The builet of bLalf an inch was hosted 
white in two minutes, cooled so as to be: held 
inthe hand. in 12, and to the RebnPL temper TE 
ture in 39 minutes. | | 

IT, That of an inch, heated white in five, 
minutes and a half, cooled so asto be held in 
the hand, in. 354 minutes, and to the actual 
Zemperature in one hour and 25 minutes. 

A. That of an inch and an half, heated 
white in nine minutes, cooled so as to be held 
in the hand in 58 minutes, and to the actual 
temperature in two hours and 35 minutes. 

IV. That of two inches heated white in 13 
minutes, cooled so as to be held in the hand. 
in one. hour 20 minutes, and to the actual 
temperature in three hours 16 minutes. 

V. That bullet of two inches and an half 
heated white in 16 minutes, cooled so as to be 
held in the hand in one hour 42 minutes, and 
to the actual temperature in four hours 50 
minutes. 

VI. That bullet of three inches healed white 
in 194 minutes, cooled so as to be held in the 
hand in two hours seven minutes, and to the 
actual temperature in five hours eight minutes. 

| Vil. 
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VII. That ofthree inches and a half heated 
white in 252 : minutes, cooled so as to be held 
in the hand in two hours 36 minutes, and ta 
theactual temperature in five hours 56 minutes. 
VII. That of four inches heated white in 
97 minutes and à half, cooled so as to ber 
lield in the hand in three hours two minutes,’ 
and to the actual eine aa in six tr 93 
minutes. | 
IX. That of four inches ane a half heated: 
white in 31 minutes, cooled so as to be held in: 
the hand in three hours and 95: minutes, and: 
to the actual temperature in seven hours 46 
minutes. ; 
X. That of five inches heated white in 34 
minutes, cooled, so as to be held in the hand, 
in three hours 52 minutes, and to the actual 
temperature in eight hours 42 minutes. | | 
The most constant difference that can be: 
taken between each of the terms which express: 
ihe time of cooling, from the instant the bullets 
were drawn from the fire, to that when we can’. 
touch them unhurt, is found to-be about 24 
minutes, for, by supposing each term to in- 
erease 24, we shall have 12, 36, 60, 84, 108, 
' 182, 156, 180,204, 228 minutes. And the 
continuation of the real time of these coolings 
are, 19, 354, 58, 80, 102, 127, 156, 182, 205, 
232 minutes, which approach the first as 
| nearly 
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polio 28S i eatin Gan pares ‘nigh cit 
tion. to 5 botale es 
So, likewise, thountét HAE aifirenan tb. 
befound.between each of the:terms df eodling 
- toactualtempeintureis found to be 54minutes, 
fonby supposing caah term to incréaseb, we 
shall/have, 59,093, 147, 201, :2555:909,'363, 
Aki, 401, 546ominutes, and, the continuation 
ofthe real time of this cooling is found; By: the 
preceding, experiinents; itabe39, 93,1455, 196, 
248; 308; 556, 416: 466, 522 minutes, ‘which 
approaches alehcarsst othe fitabes où .eysh 
| the liked ,experiments upon the same 
bullets. twice or thrice, but féned L'eouidonly 
rely:on the first, because each time the bullets 
were heated they lost-a considérable part of 
their weight, which’ was occasionedynot only 
by: the falling off ofithe . paxts.of: the surface 
reduced into:scoria,bnt also: by a kindof days 
ing, Ovinternal calcination, whicli;diminishés 
the weight of'the constituent parts, insomuch 
that if appenxs a. strong fire. rendérs the nen 
Specifically lighter each time itis heated; and 
L have found, by subsequent experiments, that 
this. diminution of weight: varies much; ac: 
cording to the different quality of the: iron: 
Experience has also confirmed:me in thé opi- 
nion, that thé duration. of heat, or the time 
Vous xX, Q taken 
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taken up in cooling of iron, is not in asmaller, 
as stated in a passage of Newton, but in a 
larger ratio than that of the diameter. . - 

Now if we would enquire how long it would 
require for a globe as large as the earth to cool, 
we should find, after the preceding experi- 
ments, that instead of 50,000 years, which 
Newton assigns for the earth to cool to the pre- 
sent temperature, it would take 42,964 years, 
221 days,.to cool only to the point where it 
would cease to burn, and 86,667 years and 132 
days, to cool to the present temperature. 

It might only be supposed, that the refrige- 
ration of the earth should be considerably in- 
creased, because we imagine that refrigeration 
is performed by the contact of the air, and 
that there is a great difference. between the 
time of refrigeration in the air and in vacuo; 
and supposing that the earth and air cool in 
the same time in vacuo, this surplus of time 
should be reckoned. But, in fact, this dif- 
ference of time is very inconsiderable, for 
though the density of the medium, in which 
a body cools, makes something on the dura- 
tion of the refrigeration, yet this effect is much 
less than might be imagined, since in mercury, 
which is eleven thousand times denser than air, 
it is only requisite to plunge bodies into it 

about. 
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about nine times.as often as is required to pro- 
_ duce the samerefrigeration in air... ‘lhe prin- 
cipal cause of refrigeration is not,’ therefore, 
the contact of the ambient, medium, but the 
expansive force which animates the parts of 
heat and fire, which drives them out of the 
bodies wherein they reside, and impels them 
directly from the centre to the circumference. 
. By comparing the; time. employed: in ‘the 
preceding experiments to heat the iron globes, 
with that-requisite to, cool them, we find that 
they may be heated till they become white in 
one sixth part and a halfof the time they take 
to! cool, so as to be held in the hand, and about 
one fifteenth and a half of that to cool to ac- 
tual temperature, so that there is a great error 
in the estimate which Newton made on the 
heat communicated by the sun to the comet of 
1680, for that: comet having been exposed to 
the violent heat of the sun but a short time, 
could receive it only in proportion’ thereto, 
and not only in so great a degree as that au- 
thor supposes. Indeed, in the passage alluded 
to, he considers the heat of red-hot iron much 
less than in fact it is, and he himself states it 
to be, ina Memoir, entitled, The Scale of 

Heat, published in the Philosophical Trans 
‘actions of 1701; which was many years afier 
| the 
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the ‘publication of his prixcipies.. | Wei seein 
that excellent Memoir,: which includes the 
germ 6f all the ideas'on which’ thermometers 
have’ since’ ‘been ‘ constéuotedi;! that: Newton; 
After very ékact experiments; makes the heat of 
Boilie Water to be’ ithreéiines. greater: than 
that Of the sun‘in the height ofsumrher sothat 
of Mdlied tin, six tintes@reater; that 0 fritelted 
lead, eight times ; -thatoéf melted oreculbs, 
twélve titties ; ‘andthat of'a commonvculinary, 
fie; sixtéch ‘or'seventeen times; hence we mtiy 
conclude; that the Heat ‘of ions! whem heated 
so 4 to bevome white, is still greater; sirice dt 
requires a -fite continually animated .bypthe 
bellows to’ héat it to that degree. «Newton 
seems to’be sensiblé of this, for he says, that 
the héat of ivon in that state seeins t6 beséven 
or eight times greater than! that of “boiling 
Water. This diminishés half the 7 of: sas 
comet, compared to'that df hot iron. : us 


Bat this diminution, which is vibe relative, 


is nothing'in itself, nor nothing inréomparison 
with'that real and very gréat diminution which 
results from our first é6fisideration..: For the 
comet to have received this! heat a ‘thousand 
times sréater than that'of red-hot iron, it must 
have remained avery long time in thevicinity. 
of the sun, whereas ivonly ee very rapidly 

at 
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at a small distance. It was on the Sthof De: 
cember, 1680, at +24 distance'from the earth 
tothe centre ofithe sun; but 24 hours before, 
and as many ‘after, it was ata :distance six 
times greater;-and where the’ hea was conse- 
quently 36 times less, | 
Foïknow then the quantity of this heat coms 
municated: to! the comet by, the sun, we here 
find how we should. make, this estimation tole+ 
rablyyjnst, land;sat ithe same-time, make the 
comparison with hot'iron by, the means of my 
ij talaga 
») We shallisuppose, as a facts that this comet 
took up'666 hours to descend from:the. point 
where it then:was, and, which point was at an 
equal distancé-as the earth is .from the sun, 
consequently it received an equal heat:to what 
the earth) receives from that luminary, and 
which I here take for unity!;, we.shall likewise 
suppose that the comet took 666. hours more 
to ascend from: the lowest. point of its perihe- 
lium to this’ same distance; and supposing 
also its «motion uniform,’ we shall perceive, 
that the-comet being at the lowest point of its 
perihelitim, that is, to 5 of the distance 
from the eartlito the sun, the heat it received 
in' that motion was 27,766 times greater than 
that the earth receives. By. giving to this 
motion d duration of 80 minutes, viz. 40 for its 
| descent, 
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desceat, and 40 for its ascent, we shall have 
at 6distance, 27,776 heat during 80 minutes 
at’7 distance 20,408 heat also during 80. mi- 
nues, and at 8 distance 15,625 heat during: 
80 minutes, and. thus, successively, tothe’ 

distance of 1000, where the heat:is one! «By, 
summing up the quantity of heat ateach dis- 

tance we shall find 862,410 to be the total.of 

the heat the comet has received from the sun, 

as much in descending as in ascending, which: 

must be multiplied by the time, that is, by, 

four thirds of an hour; we shall then have 

484,547, which divided by 2,000 represents 

ihe solid Heat the carth received in this time 

of 1332 hours, since the distance is always 

1,300, and the heat always equalsone. Thus 

we shall have 242, 34% for the heat the comet 

received more than the earth during the whole 

iime of its perihelium instead of 28,000, as 

Newton supposed it, because he took. only: 

the extreme point, ad paid no attention to the: 

very small duration of time. --And ‘this heat! 

must still be diminished 242,342, because the: 

comet ran, by its acceleration, as much more 
way in the same as it was nearer the sun 

But by neglecting this diminution, and ad- 

‘mitting that the comet received a heat nearly 
242 \imes greater than that of our summer’s: 

sun, and, consequently 173 times greater than 

that 
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that of hot iron, according to Newton’s esti- 
mation, or only ten minutes greater according 
totthis estimation; it must be supposed, that 
give a heat ten times greater than that of ree 
hot iron, it required ten times more time ; that 
istosay, 1332; consequently, we may compare 
the comet toa globe of iron heated by a 
forge fire for: 15520 sot to heat it to x 
whiteness. © — D 10 
Now we find by calculation from my expe- 
bé that with a forge fire, we can heat toa 
whiteness a globe whose diameter is 228342} 
inches in 799200 minutes, and, consequently, 
‘the whole mass of the comet to be heated tothe 
point of iron to a whiteness, during tlie short 
time it was exposed to the heat of the sun, could 
only be 223342! inches in diameter ; and even 
then it must have been struck on all sides, and 
at the same time, by the light of the sun. 
‘Thus comets, when they approach the sun, do 
not receive an immense nor a very durable 
heat, as Newton says, and as we at the first 
view might be inclined ta believe. Their stay 
is so short in the vicinity of the sun, that their 
masses have not time to be heated, and besides 
only part of their surface is exposed to it; 
this part is burnt by the extreme heat, whieh 


by 
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by calcining and) volatilizing the matter ofthis 
surface, drives it outwardly in vapours and 
dust from the opposite side to the sun; tand 
what is.called the tail of the comet;:is nothing 
else than the light of the sun rendered: visible, 
as in a dark room, by those. atoms. which the 
heat. lengthens asit is more violent. + «4; 
But another consideration very different and 
infinitely more important, is, that to apply 
the result of our experiments: and calculation 
to the comet and earth, we must suppose them 
composed of matters which would demand (as 
much timeas iron to cool: whereas, in reality, 
the principal matters of which-the terrestrial 
globe is composed, such asclay, bic ye Sa. 
cannot possibly take so long. 4 Lot 
To satisfy myself on this point, I» PE 
globes ofclayand marl tobe made, and haviig 
heated them at the same forge until white}.I 
found that the clay;balls of two inches; cooled 
in 88 minutes so as to be heldin the hand ; those 
of two inches and an half; inA8 minutes ;) and 
those of three-inches, ‘in: 60- minutes; which 
being compared with the .time of the refri- 
geration of iron bullets of the'same diameters, 
give 38 to 80 fortwo inches, 48 io. 102 for 
two «inches and a half, and 60: to: 127 for 
| _ three 
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three inches; so that only half the time is re- 
quired for the refrigeration of clay, to what is 
necessary for iron. 

I found also, that lumps of clay, or marl, 
of two inches, refrigerated so as to be held in 
the hand in 45 minutes; those of two inches 
and a half in 58; and those of three inches in 
_ 75, which being compared with the time of 
refrigeration of iron bullets of the same dia- 
meters, gives 46 to 80 for two inches, 58 to 
102 for two inches and a half, and 75 to 197 
for three inches, which nearly form the ratio 
of 9 to 5; so that for the refrigeration of 
clay, more than half the time is required than 
for iron. | | 
* It is necessary to observe, that globes of clay 
heated white, lost more of their weight than 
iron bullets, even to the ninth or tenth part of 
their weight : whereas marl heated in the same 
fire, lost scarcely any thing, although the. 
whole surface was covered over with scales, 
and reduced into glass. As this appeared sin- 
gular, I repeated the experiment several times, 
increasing the fire, and continuing it longer 
than for iron; and although it scarcely requir- 
ed a third of the time to redden marl, to what 
itsdid to redden iron, I kept them in the fire 
thrice as long as was requisite, to sec if they 
would lose more, but I found very trifling di- 
VoL. x. R minutions ; 
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uinutions ; for the globe of two inches lieated 
foreightminutes, which weighed seven ounces, 
two drachms, and thirty grains, before ii was 
put in the fire, lost only forty-one. grains, 
which does not make a huudredth part of its 
weig lit; and that of three inches, which weighed 
twenty-four ounces, five drachms, and thirteen 
grains, having been heated by the fire fer 
eighicen minutes, that is nearly as much as 
iron, lost only seyenty-cight grains, which 
does not make the hundredth and eighty-first 
part ofits weight. These losses are so trifling, 
that it may be looked upon, in general, as cer- 
tain that pure clay loses nothing of its weight 
in the fire; for those trifling diminutions were 
certainly occasioned by the ferruginous parts 
which were found in the clay, and which were 

in part destroyed by the fire. It is also worthy 
. of observation, that the duration of heat in 

- different matters exposed to the same fire for an 
equal time, is always in the same proportion, 
whether the degree of heat be greater or smaller. 
_. I have made similar experiments on globes 
+ of marble, stone, lead, and tin, by a heat only 
strong enough to melt tin, and I found, that 
iron refrigerated in eighteen minutes, so as to 
be able to hold it in the hand, marble refri- — 
gerated to the same degree in twelve minutes, — 
stone in eleven, lead in nine; and tin in eight. 


It 


NATURAL HISTORY. 125 

ii is not, therefore, in proportion to their den- 

sity, as is commonly’ supposed, that bodies 

-recéive and lose more or less heat, but in an 
inverse ratio of their solidity ; that is, of their 

greater or lesser non fluidity ; so that, by the 

same heat, less time is Tequisite to heat or cool 

the most dense fiuid. 

To prevent the suspicion of tainly dwelling 
upon assertion, I think it necessary to remark 
upon what foutidation 1 build this theory ; I 
have found that bodies which should heat in 
ratio of their diameters, could be only those 
which were perfectly permeable to heat, and 
would heat or cool in the same time; hence, 
I concluded that fluids, whose paris are only 
held together by a slight connection, might 
approach nearer to this perfect permeability 
than solids, whose parts have more cohesion. 
In consequence of this, 1 made experiments, 
by which I found, that with the same heat all 
fluids, howeyer dense they might be, heat and 
cool more readily than any solids, however 
light, so that mercury, for example, heats 
much more readily than wood, although it” 

be fifteen or sixteen times more dense. 

This made me perceive that the progress of 
heat in bodies cannot, in any case, be made 
relatively to their density ; and I have found 

| | By 
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by experience, that this progress, as well in 
solids as fluids, is made- rather by reason of 
their fluidity, or in an inverse ratio of their so- 
lidity. I mean by solidity the quality oppo- 
site to fluidity ; and I say, that it is In an in- 
verse ratio of this quality that the progress 
of heat is made in both bodies ; and that they 
heat or cool so much the faster as they are the 
more fluid, and so much the slower as they are 
more solid, every other circumstance being 
equal. 

To prove that solidity, Tr ‘in this sense, 
is perfectly independent of density,:1 have 
found, by experience, that the most or least 
dense matters, heat or cool more readily than 
other more or less dense matters, for example, 
gold or lead, which are much more dense than 
iron and copper, heat and cool much quicker ; 
“while tin and marble, which are not so dense, 
heat and cool much faster than i iron and cops 
per ; and there are likewise many other mat- 
ters which come under ihe same description ; 
go that density is in no manner relative to the 
scale of the progress of heat in solid bodies. 

_ It is likewise the same in fluids, for I have 
observed, that quicksilver, which is thirteen or 
fourteen times more dense than water, never 
theless heats and cools i in less time than water ; : 

and 
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and spirit of wine, which is less dense than 
water, heats and cools much quicker; so that 
generally the progress of heat in bodies, as well 
with regard to the ingress as egress, has no 
affinity with their density, and is principally 
made in the ratio-of their fluidity, by extend- 
ing the fluidity to a solid; from hence I con- 
cluded, that we should know thereal degree of 
fluidity in bodies, by heating them to the same 
heat ; for their fluidity would beina like ratio 
as that of the time during which they would 
receive and lose this heat ; and that it would 
be the same with solid bodies. They will be 
so much the more solid, that is tosay, so much 
the more zon fluids, as they require more time 
to receive and lose this heat, and that almost 
generally to what I presume; for I have al. 
ready tried these experiments ona great num 
ber of different matters, and from them I have 
made a table, which I have endeavoured to 
render as complete and exact as possible. 
I caused several globes to be made of an 
inch diameter with the greatest possible pre- 
cision, from the following matters, which 
nearly represent the Mineral kingdom. 
M. Tillet, of the Academy of Sciences, 
_ made the globe of refined gold at my particu- 
res : lar 
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lar request, and the whole of ‘them rics 
as follows : 


ee oz. d. gr. 
Gold 5e si ban #0 ai 6 2:17 
Lead = - oe! 3°96 28: 
Pure silver © - “el BY OB SSH 
Bismuth + + soon tod iia 
Copper-red: Hotel r 27 56: 
fron : il AIRE sone 5 10 
Tin sou ve ce 2 348: 


Antimony melted, ne which had 


small cavities on its surface © 2- 1 34. 
Fine | = ONE 245Fe18 
Emery CIE #1 on NL 0 D 
White marble :  - pal | 4; 0:25: 
Pure clay mire I he SOIT 
Marble common of Montbard 9 7 20 


White gypsum, improperly called. | 
Alabaster | ON DRE 0-6 36: 
Calcareous white stone of the quarry — 
of Anieres, near Dijon + ‘6 6 6 : 
Rock chrystal: it was a little too | 
small, and had many defects. I 
presume that without them it : 
would have weighed m 3107-6682 
Gorimon-glass #5" pti te So iERR 
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: 02 (de gro: 

oe earth, very dry CAE 0 6 16 

Oker - » - 0 5.9 
Porcelain of the Court de Laura- 

_ guais = - 0:85 23 

White chalk te = 0 449 


Cherrywood, which although lighter 
than most other woods, is that 
+. which takes in the least fire 0 1 59 
1 must here observe, that a positive conclu 
sion must not be made of the exact specific 
weight of each matter from the preceding 
table, for notwithstanding the precaution that 
was taken to render the globes equal, yet, as 
I was obliged to employ different workmen, 
some were too large, and others too small. 
Those which were more than an inch diameter 
were diminished, but those of rock chrystal, 
glass and porcelain, which were rather too 
small, we suffered to remain, and only rejected 
those of agate, jasper, and porphyry, which 
were sensibly so. This precision in size was 
however not absolutely necessary, for it could 
very little alter the result of my experiments. 
__ Previously toordering these globes, I exposed 
to a like degree of fire, a square mass of iron, 
and another of lead of two inches diameter,and 
found, by reiterated essays, that lead heated 
| and 
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and cooled in much less time thaniron. I made 


the same experiment on red copper, and that + 
required more time to heat and cool than lead, . 


and less than iron. So that of these three mat« 
ters, iron appeared the least accessible to heat, 
and, at the same time, that which retained 
it the longest. From which 1 learn that the 
law of the progress of heat in bodies was not 
proportionable to their density, since lead, 
which is more dense than iron or copper, ne- 
vertheless heats and cools in less time than 
either. As this object a ppeared important, I 
was induced to have these globes made, and to 
be more: perfectly satisfied of the progress of 
heat in a great number of different matters, I 


always placed the globes at an inch distance _ 


from each other, before the same fire, or in the 
same oven, 2, 3, 4, or 5, together with a globe 
of tin in the midst of them. In most of my ex- 
periments I suffered them to be exposed to the 
same active fire till the globe of tin began to 
melt, and at that instant they were all remoy- 
ed, and placed on a table in small cases. I 
suffered them to cool without moving, often 


trying whether I could touch them, and the | 


moment they left off burning, and I could hold 
them in my hands half asecond, I marked the 


time which had passed since I drew them from 


the 


Dead. 
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the fire. 1 afterwards suffered them to cool to 
theactual temperature, of which I endeavoured 
to judge by means of touching other small 
Slobes of the same matters that had not been 
heated. Of allthe matters which I put to the 
trial, there was only sulphur which meltedina , 
less degrée of heat than tin, and notwithstand- 
ing its disagreeeble smell I should have taken 
it for a term of comparison, but being a brittle 
‘matter which diminishes by friction, I pre- 
ferred tin, although it Rare nearly double 
the heat to melt. 
Having heated together bullets of iron, cop- 
per, lead, tin, gres, and Montbard marble, 
they cooled in the following order : 


So as to be held in the hand for To actual temperature: 
half a second, | 

Min. Min. 
id TT GATE ne ve 00 16 
Leadin - - 8 Vip ey = aT 
Reet ae Oe In ere ai eh T0 
CommonmarbleinlO In - + - Qj 
Copper in - 115 In - += = 50 
m7 SE : Eis os thus 


By a second experiment with a fiercer fire, 
sufficient to melt the tin bullet, the five others 
cooled. 

VoL. X. Ss Se 
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Sous tebe beldin the hand." Toactual temperatures 

Min. Min” 

Lead ini: - +104 In ee, ee eee 

Gres. in. vise 19% Tn = eee EES 

Common marble 131 In - - - 50 

Copper - - 19% In - - .-, 51 

Iron - - - 951 In - - - 54 

By a third experiment, with a less degree 
of fire than the preceding, the same bullets 
with a fresh tin bullet, cooled in the follomins 
manner. 

So as to be held in the hand. Lo actual temperature. 

Min. . 151: NEUTRE. 
Tin in <a Te 10 ees 
Lead'in = 2 QE" fn CNE "20 
Gresin en MOESATE al pets So 
Common marble 12 In - - - 59 
Copper ero 10 de | Te et ae - 44 
fron Je Lent 5 Ie aera 

From these experiments, which I nage with 
_ ag much precision as possible, we may con-. 
claude, first, that the time of refrigeration of 
iron, so as to be held in the hand, is tothat of 
copper : : 534: 45, and so io the point of 
temperature :-: 142 : 125. 

Qdly, That the time of refrigeration of iron, 
so as to be held in the hand, isto that of the 
first refrigeration of common marble : : 532: 
351 and their entire refrigeration; : 142 : 110. 

Sdly, 


a 


NATURAL HISTORY. 151 


Sdly,. that the time of refrigeration of iron, 
io that of gres, so as to be held in the hand, is 
: 2535: 32 and : : 142: 1024, for their en- 
tire refrigeration. 

Athly, That the time of refrigeration of 
iron to that of lead, so as to be held in the 
hand, is: : 531 : 27 and 142 : 94 for their 
entire refrigération. 

Înan oven hot enough to melt tin, although 
all the coals arid cinders were drawn out, I 
placed, on à piéce of iron wire, five bullets, 
distant from ene another about nine lines, after 
which the oven was shut, and having drawn 
them out, in about 18 minutes they cooled, 


So as do be held in the hand. To actual temperature. 
Min. Min 
Meltedtinin - 8 In - - - 24 
MR AE I © cago 


Goldin + - 15 In = -. 4 46 
Copperin - - 167 In = - - 50. 
Iron in  - - 18 In - - - OG 
In the same oven, but with a slower heat, 
the same bullets with an other bullet of tin, 
cooled, ; 
So as to be held in the hand. To actual temperature. 
. Min. Min. 
Diner tee meee Ty In sey mc: 90 
Silver in = = old In = bd - 56 
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Goldin) - + 12% Int. 4 =... 40 
Copperin - - 14 In 9s) -7 1943 
Tron ini e 2 164 "Ino ?-PUL SG SCAT 

In the same oven, but witha still less degree 
of heat, the same bullets cooled, 


So as to be held in the hand. : Lo actual temperature. 
. . Min, Ct een -. Min, 
Pirin’: eo + OI. LR a 
Silver in, 0 9.5 In, 2 2 eee 


Gold, in Line 92 dn on ee 
Copperjin,a-).) 10. Ia, . 241445460008 
Iron in ++. = 11 JR: en 

Having placed in the same oven five other 
bullets, placed the same and separated from 
each other, their refrigeration was in the fol- 
lowing proportions. 


à So as to be held in the band. To actual temperature. (a 
Rich Min. _.... Min 
Antimonyin- 6% In - - = 25. 
Bismuth ins 4,7.) ln. Se 
Lead.in 108 "0 08r lac CONS 
Zinc in Le GAOL Ty, RSS 
Emery in, :- 11 In. - - - 38: 


In the same oven, and in the same manner, 
another bullet of Bismuth was placed, with 
six other bullets, which cooled, 

So as to be beld inthe band. To actual temperature. 
. Min. Min 
Antimony in - 6 «In~ -2 =" a3 
Bismuthin - 6 In -- - = 25 
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Lead in ~ - - 
Silverin - - 9 
Zinc in ee EO 
Goldin : :- - Il 
Emery in - = 13 


In - - - = 28 

In - - - - 30 

In - - - - 32 

In + + - 3% 
TO EU ae be ANR Ey 
. There was put in the same oven a bullet of 
glass, another of tin, one of copper, and one 
of iron, and they cooled, | 


I 
nie Di Din 


Di pr 


So as to be held in the band. To actual temperature. 
Min. | Min. 
Tinin ss 8. ln, rate 
Class in 3- + :.8E En. - lat = = 99 
Copperin - - 14 In = - = - 42 
Tron in ae dO nie pee ca OD 
- Ballets of gold, glass, porcelain, gypsum, 
and gres, were heated together, and cooled, 


* So as to be held in the band. To actual temperature. 
Min Min 
Gypsumin- - 8 In - - - - 24 
Porcelainin- - 8% In - - - - 95 
Glass in - - 2 In - - - - 2 
Gres in apne 44 Ines os ie pean SP 


Re GAL Indie. 45 


Bullets of silver, common marble, hard 
stone, white marble, and soft calcareous stone 
of Anieres, near Dijon, were heated like the 


former, and cooled, 
_ So 
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So as tobe held in the band... * To actual temperature. 
Min. RE 
Soft calcareous stone in 8 In - + 925 
Hard stonein = = =. 10 4 SNS 
Common marble j His DE IUT 
White marble in - - 12 In + = 36 
Stivelin ss © nate doe CUIR PU 
‘he whole of these experiments were made 
with the utmost care and attention, not only 
by myself but in the presence of several per, 
sons, who also endeavoured to judge of the 
first degree of tém perature by holding the bul- 
lets for half a second in their hands, and the 
relations of which are more exact than those 
of the actual temperature, because that being 
variable the result must sometimes vary also. 
With a view to avoid that proxility which 
would necessarily attend the continual repeti- 
tion in a comparative statement of the refrige- 
ration of these different bodies, we have con- 
ected thenr ir à general table, and taking 
10,000 for the standard of comparison, their 
diffences may be seen at one view. 


A TABLE 
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A TABLE 


OF THE 


Relations of different Mineral Substances. 


IRON, with 


First Entire 
Refrig. Refrig. 


Emery  - = - 10000 to 9117—9020 

Copper r “ to 8512—8702 

Zinc = - ; to 7653—6020 
6804. 


to 7619—7493 
to 6774—6704 
to 6636—6746 
to 6617— 6274 


Silver - - . 
Marble W hite = 
Marble common - 
Stone calcarcous. hard 


Gres - - -—— to 5596— 6926 
“Glass. - - to 5576—5805 
Lead 5 - _—— to 5143— 6482 
Fin Sas —— to A898—4991 
Stone calcareous soft - to 41944659 
Clay = to 4198—4490 
Bismuth : RÉF to 3580—4081 
‘Chalk ‘aie . to S086—3878 
Gum - ~~ to 9395-9817 

Wood - = to 1890— 1594 


 Pumice-stone - ——-- to 1627—1268 


EN | 


EMREY, 
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EMERY, with 
: First Entiré 
Refrig. Refrig. 


Copper » - 10000 to 8519-—8148 
Gold - me Te to 8513—8560 
Zine - = to 8390-7693 
7458 
Silver = to 7778— 7805 
Stone calcareous hat - —— to 7304—6963 
Gres = = to 6552—6517 
Glass - = to 5862—5506 
Lead = - to 5718—6643 
Zinc - - to 5658—6000 
Clay eae ~ to 5185—5185 
Bismuth ‘- . —— to 4949—6060 
Antimony - — to 4540—5827 
Oker = - —— 16 4259—58927 
Chalk - - to 3684—4105 
Gypsum" - - —— to 2368—2947 


Wood:  - - - to 1552—3146 


COPPER, with 


Gold > - 10000 to 9136—9194 
Zinc - to 857 1—9250° 
7619 
Silver - “ to 8395—7823 
Marble common = to 7659—8019° 
Gres - a = to 7333—8160 
Glass = # to 6667—6567 
Lead o = 


to 6179—7367 
’ . T i n. 


Ee 


— SS es 
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Tin 

Stone calcareous tender 
Clay - - 
Bismuth nié 
Antimony - “ 
‘Oker. = 
Chalk i 


First Entire 
Refrig. Refrig. 


10009 to 5746 --6916 


—— to 5168—5633 
—— to 5652—6363 
—— to 5686 —5959 
—=— to 51380—5808 
to 5005—4697 
-—— to 4068—4368 


GOLD, with 


Zinc: = 


Silver: e = 
Marble white - 
Marble common 
Stone calcareous hard 
Gres  - - 
Glass - 
Lead - 

Tin - 

_ Stone calcareous soft 
Clay - - 
Bismuth . 
Porcelain à 
Antimony “ - 
Oker - . 
Chalk - 
Gypsum . 


WO. X. ah 


10000 to 2474-0504 
8492 


—— to 8986—S8686 . 
—— to 8101-7863 


to 7342 —TASA 
to 7383—7516 


—— 10.7368—-7697 . 


—— to 7103—5232 
—— to 6526—7500 


—— to 6324—6051 


to 6087—5811 
to 5814—5077 
to 5658—7043 


 —— to 5526— 5593 


-—— to 5395—6348 
—— to 5349—4462 
- to 4571—4459 
- 10 2989— 3008 


ZING, 


Tyee 
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ZINC, with 
| First Entire ~ 
Refrig. Refrig. 
Silver . - 10000 to 8904-6990 
10015. 
Marble white to 85058194 | 
an TIGA ery, 
Gres = - to 6242— 7533 
: 5838 
Lead = = to 6051—7947 
4940 
Tin . - —— to 6777—6240 
5666 
Stone calcareous soft to 5536—77 19 
4495 
Clay - - to 5484-7458 
ees | 4373 
Bismuth - = - to 53437547 
4939 
Antimony - = - to 5246—6608 
: | 4135 
Chalk . - —— to 3729-5862 
| 2618 
Gypsum - - ——to 3409—4261 
2998 
SILVER, with 
Marble white 10000 to 8681—9200 
Marble common to 7912—9040 
Stone calcareous hard —— to 7436—8580 
Gres - NUE 7361—7767 


Glass 
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First Entire 

Refrig. Refrig. 

Glass - - 10000 to 7230—7212 
Lead - ds to 7154—9184 
in = ” —— to 6176—-0289 
Stone calcareous soft —— to 6178—6289 
Clay e - to 6034—-67 10 
Bismuth = —— to 6308—8877 
Porcelain oy - to 5556 —5242 
Antimony = —— to 5692—7653 
Oker - —— to 5000—5668 
Chalk - - to 4310—5000 
Gypsum: a —— to 2879—33566 
Wood - = —— to 2953—1864 
Pumice-stone - —— to 2059—1525 


WHITE MARBLE, with 


Marble common 10000 to 8992—9405 
Stone hard  - to 8594—9130 
Gres - | to 8286 —8990 
Lead - =. to 7604—5555 


Fr - - to 7143—6792 

Stone calcareous soft to 6792—728 | 

Clay - « to 6400—6286 

Antimony - to 6286—6792 

Oker = at to 5400—5571 

Gypsum = - to 4920—5116 
to 2200— 2857 


Wood p 


COMMON 
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COMMON MARBLE, with 


First | Entire 
Refrig. Refrig. 


Stone hard - 10000 to 9485— 9665 
_Gres - - to 8767—9273 
Lead — . - to 7671—8590 
Tin - - — to 7424-6666 
Stone soft . - to 7827—7959 
Clay to 7272-7913 
Antimony - . to 62798533 
Oker 7 to 6136—6393 
Chalk = = — to 5581—6333 
Wood  - - to 2500—3279 


HARD CALCAREOUS STONE, with 
Gres - . 10090 to 9268—9355 


Glass - - to 8716—8352 

: Lead - - — to 8571—7931 © 
Tin - - —— ts 1095—7931 
Stone soft - to 8000—8:95 
Clay . . to 6190—6897 
Oker - - — to 4762—5517 
W ood - to 2195—4316 


GRES, with 
Glass | - - 10900 to 9324—7959 


Lead - —— to 8561—8950 
Tin - - to 7667—7633 
Stone soft = to 7644—7 195 
. Porcelain ° to 7664—7039 


Antimony 
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First Entire | 
Refrig. Refrig. 
Antimony fi 10000.to 73:5—6110 
Gypsum het to 4568— 5000 
Wood - - to 23681898 


GLASS, with 


Lead = - 10000 to °318—®548 
Tin - - to 9107—86:9 
Clay - - to 7938—7643 
Porcelain © = . to 7692—8863 
Oker - - —— to 628— 6500 
: Chalk = - to 6104—6195 
Gypsum — - to 4160—6011 


Wood - = to 2647—5514 


LEAD, with 


“Tin - = 10000 to 8695—85353 
Stone soft = to 8437 —71992 
Clay 2: iy —— 10 7878—8536 
Bismuth to 8698—8750) 


, Antimony - to 8241—8201 | 
- Oker - to 6060—7073 
Chalk — = - ,»—— to d5714—6111 
Gypsum = = to 4736—5714 
dees TIN, with 
Clay hon.) - 10000 to 8823—0594 
_ Bismuth - —— to 8889— 9400 
Antimony - to 8710—9156 
to 5882—7619 


~~ Oker = ‘2 
| Chalk 


142 _. BUIFON’s 


~ 


First Entire 
Refrig. Refrig. 


Chalk - = 10000 to 6594—6842 
Gypsum “ to 4090—4912 
STONE CALCAREOUS SOFT, with 
Antimony - 10006 to 7742—9542 
Chalk - - io 7288—7312 
Gypsum - to 4182—5211 


CLAY, with 
Bismuth = . 10000 {o 8870—9416 


Oker - - —-— to 8400—8571 
Chatk +, - to 77018000 
Gypsum - to 5185-—8055 


- Wood - à to 3457—A4545 
BISMUTH, with 

Antimony  - 10004 to 9349—9572 

Oker - - to 8846—7380 

Chalk : - — to 8020—9500 

PORCELAIN, with 
Gypsum sit 10000 to 58301—6500 
| ANTIMONY, with | 

Chakk = + - 10000 to 8431—7391 

Gypsum - | - to 3833—5476 
_ OKER, with | 

Chalk - = 10000 to 8954— 8889 

Gypsum - to 6364—9062 

to 4074 —5128 


Wood | . a fie À 


CHALK, | 


NATURAL HtsTORy. 145 
| First Entre 
Refrig. Refrig. 
| CHALK, with 
Gypsum - = 10000 to 6667-7920 
GYPSUM, with - 


Wood = +  10000to dé ur 
Pumice-stone  - io 70: 9—4560 


WOOD, with yi ate 
Pumice-stone = + 10000 to.8750—8182 


' Notwithstanding the assiduity I used in my 
experiments, and the care T took to render the 
relations exact, f own there are still some im- 
perfections in the foregoing table ; but the de- 
fects are trivial, and do notmuc!: influence the’ 
general results; for example, it will ensily be’ 
perceived, that the relation of zinc to lead 
being 10,0000 to 6,051, that of zinc to tin 
should be less than 6,000, whereas it is found 
6,777 in the table. It is ihe same with res pect 
of silver to bismuth, which ought to be less 
than 6,308, and also with reward of lead to 
clay, which ought to be more than 8,000, but 
in the table is only 7,878. ‘This difference 
proceeded from the leaden and bismuth bullets | 
‘not being always the same; they melted, as 
well as those of fin and antimony, and, there- 
Bere, could not fail to produce variations, tt 


great fest 
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greatest of which are the three I have just re- 
marked. It was not possible for me to do 
better; the different bullets of lead, tin, bis- 


muth, and antimony, which I ‘successively’ 


made use of, were made in thesame manner, 
but the matter of each might be somewhat difs 
ferent, according to the quantity of the alloy in 
the lead and tin, for I had pure tin only for 


the two first bullets; besides, there remains © 
very often a small cavity in the melted bullet, ~ 


and these little causes are sufficient to produce 


the little differences which may be remarked | 


in the table. 


On the whole, to draw from these experi-. 


ments all the profit that can be expected, the 


matters which compose their object mustbedi-_ 


vided into four classes, viz. 1. Metals. 2 Se- 
mi-metals and Metallic Minerals. 3, Vitreous 


and Vitrescible Substances. And 4. Calca-. 


reous andCalcinable substances. Afterwards 
the matters of each class must be compared 
between themselves to discover the cause, or 
causes, or the order which follows the progress 
of heat in each, and then with each other, in 
… order to deduce some general results. 


First. The order of the six metals, accord-. 


ing to their densil;y, is in, iron, copper, silver, 


Iead, and gold; whereas the order in which: 


they 


| NT a OE Te 


Éd ns. 
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they receive and lose their heat is tin, lead, sil+ 
ver, gold, copper, and iron; so that in tin 
alone it retains its place. | 

- The progress and duration of heat in “ou 

does not then follow the order of their density, 
except in tin, which being the least dense, is 
also that which ‘soonest loses its heat ; but the 
order of the five other metals demonstrates that 
it is in relation to their fusibility that they all 
receive and loose heat ; for iron. is more difli- 
cult to melt than copper, copper more than 
gold, gold more than silver, silver more than 
lead, lead more than tin; and therefore we 
may conclude that it is only by chance if the 
density and fusibility of tin befound so united 
as to place it in the last rank. Nevertheless, 
it would be advancing too much to pretend 
that we must attribute all to fusibility, and no- 
thing to density. Nature never deprives her- 
self of one of her properties in favourof ano- 
ther in an absolute manner; that is to say, in 
a mode that the first has not any influence on 
the second. Thus, density may be of some 
weight in the progress of heat ; but we may 
safely aflirm, that in the six metals it has very 
little comparatively with fusibility. 

This fact was neither known to chemists nor 
naturalists ; they did not even imagine that 
gold plie is more than twice as dense as iron, 
VOL, xX. © U nevertheless 
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nevertheless loses its heat near a third soonet's 
It is the same with lead, silver; and copper; 
which areall more dense than iron, and which, 
like gold, heat and cool more readily ; for 
though the object of this second memoir was 
only refrigeration, yet the experiments of the 
one that preceded it demonstrate, that there is 
ingress and egress.of heat in bodies, and that 
those which receive it most quiekly also lose 
it the soonest. 7 
If we reflect on the real principles of density, 
and the cause of fusibility, we shall perceive, 
that density depends absolutely on the quantity 
of matter which Nature places in a given space; 
that the more she can make it enter therein, the 
more densitythere will be, and that gold, in this 
respect, is of all substances, that which con- 
tains the most matter relatively to its volume. 
It is for this reason that it has been hitherto 
thought, that more time is required to heat or 
cool gold than other metals; and it is natu- 
ral enough tosuppose, that containing double 
ortreble the matterin the same volume, double 
or treble time would be required to penetrate 
it with heat; nay this would be true, if in 
every substance the constituent parts were of 
the same figure and ranged the same. But in 
the most dense the molecules of matter are, — 
probably, of a figure sufficiently regular not to 
Jeave very void places between them; inothers : 
which 
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which are not so dense, and their figures more 
irregular, more vacuities are left, and in the 
lighest, the molecules being few, and most 
likely of a very irregular figure, a thousand 
times more void is found than plenitude ; for it 
may be demonstrated by other experiments, 
that the volume of even the most dense sub- 
stance contains more void space thanfull matter. 
+ Now, the principal cause of fusibility is the 
facility which the particles of heat find in se- 
parating these molecules of full matter from 
each other; let the sum of the vacuities be 
greater or less, which causes density or light- 
ness, it is indifferent to the separation of the 
molecules which constitute the plenitude ; 
and the greater or less fusibility depends en- 
tirely on the power of coherence which retains 
the massive parts united, and opposes itself 
more or less to their separation. The dilata- 
tion of the total volume is the first degree of 
the action of heat ; and in different metals it is 
made in the same order as the fusion of the 
mass, which is performed by a greater degree 
of heat or fire. Tin, which melts the most rea- 
_ dily, is also that which dilates the quickest ; 
and iron, which is the most difficult of all to 
melt, is likewise that whose dilatation is the 
slowest. | 
- After these general positions, which appear 
clear, precise, and founded on experiments 
that 
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that nothing can contradict, it might:be its 
gined that-ductility would follow the order of 
fusibility, because the greater or less ductility 


scems to depend-on the greater-or less adhesion 


of the parts in each metal ; nevertheless,ducti- 
lity seems io have as much connection with the 
order ofdensity, as with that of their fusibility. 
I would even affirm that it is in a ratio-com- 
posed ofthe two others, but:that would beonly 
by estimation, anda presumption which is, per- 
haps not founded ; for it is not so easy to ex- 
actly determine the different degrees of fusibi- 
lity, asthose of density ; and as ductility parti- 
cipates of both, and varies according to cir= 
cumstances, we have not.as yet acquired the: 


necessary knowledge to pronounceaflirmatives, 


lyo thissubject, though it is most ‘certainly 
of sufficient importance to merit particular 
researches. The same metal when cold gives 


very different results to what. it does when 


hot, ‘although treated in the same mans 


ner. Malleability is the. first mark of duc- : 


tility ; but that gives only an imperfect idea 


of the point to which ductility may extend 5: 


nor can simple lead, the most malleable 


meial, be drawn into such fine threads as : 


gold, or even as iron, which is the Jeast mal- 


leable. Besides we must assist the ducti- 
lity of: metals with the addition of fire, with+ 
xe ; ora Tg cut 


FAIR Be eh édiatéhodone 


NATURAL HISTORY. 149 


out which they become brittle :. even iron, al- 
though the most robust, is brittle like the rest. 
Thus the ductility of one metal, and the ex= 
tent of continuity which it can support, de- 
pend not only on its density and fusibility, 
but also on the manner and space in which it 
is treated, and of the addition of heat or fire 
which is properly given io it. 

IT. By comparing those substances which 
we term semi-metals and metallic minerals, 
which want ductility, we shall perceive, that 
the order of their densify is emery, zinc, an- 
fimony and. bismuth, and that in which they 
receive and lose heat, is antimony, bismuth, 
zinc, and emery; and which does not in any 
measure follow the order of their density, but 
rather that of their fusibility. “Emery, which 
is a ferruginous mineral, although as dense 
again as bismuth, retains heat longer. Zinc; 
which is lighter than antimony or bismuth, 
retains heat longer than either. : Antimony 
and bismuth, veccive and keep it nearly alike. 
There are, therefore, semi-metals, and metallic. 
minerals, which, like metals, receive and lose 
heat nearly in the same relation as their fusi- 
bility, and partake very little of their density. 

Bat by joining the six metals, and the four 
gemi-metals, or metallic minerals, which I have 

i tried, 


E50 BUFFON’S 


tried, we shall find the order of the densities of 
. these ten mineral substances to be emery, zinc, 
antimony, tin, iron, copper, bismuth, silver, 


‘Fead and gold. And that the order in which” 


these substances heat and cool, is antimony, 
bismuth, tin, lead, silver, zinc, gold, copper, 
emery and iron, in which there are two things 
that do not appear to perfectly apte with the 
erder of fasibility. 

. First, Antimony, which, according to Mecs 
ton, shoutd heat and. cool slower than lead, 
since by his experiments it requiresten degrees 
of the same heat to fuse, of which eight are suf 
ficient for lead; whereas by my experiments 
antimony is found to heat: and cool quicker 
than. lead.) But it should be observed that 
Newton made use of the regulus of antimony, 
and that I employed only melted antimony in 
experiments. Now this regulus of antimony, 
or native antimony, is much more dificult:to 
fuse than antimony which has already under 
gone a first fusion, therefore that does not make 
an exception tothe rule. On the whole, I do 
not know what relation native antimony, or 


regulus of antimony, may have with the other 


waiters I have heated and cooled ; but I pre- 

sume, from the experiments of Newton, that 

it heats and cools:slower than lead, : : 
Secondly, 
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Secondly, it is pretended, that zinc - fuses 
more easily than silver, consequently it should 
be found before silver in the order indicated 
by experiments, if this order were inall cases 
relative to that of fusibility ; and own that this 
semi-metal seems, at the first elance, to make 
an exception to the law which is followed by 
all the others; but it must be observed, that the 
difference given by my experiments between 
zinc and silver is very trifling. The small 
globe of silver which I made use of was of the 
purest silver, without the least mixture of cop- 
per; but I had my doubts whether that of zine 
were entirely free from copper, or some other 
metal less fusible; and therefore, after all my 
experiments, I returned the globe of zinc to 
M. Rouelle, a celebrated professor of che- 
mistry, requesting him carefully to cxamine 
it, which having done, after several trials, he 
found a pretty considerable quantity of iron, 
or saffron of steel in it. 

I have, therefore, had the satisfaction of 
seeing that not only my own supposition was 
well founded, but also that my experiments 
have been made with sufficient precision to 
evince a mixture. ‘Thus zinc exactly follows 
the order of fusibility, like the other metals and 
semi-metals, in the progress of heat, and does 
not make any exception to the rule. . It can- 

; ey not, 
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not therefore, in general, be said that the pros 


gress of heat in metals, semi-metals, and mes 
tallic minerals, is in the same ratio, or even 
nearly to that of their fusibility. 

III. The Vitrescible and Vitreous Matters, 
which I tried, being ranged aecording to their 
density, are, pumice-stone, porcelaine, oker, 
clay, glass, rock-chrystal, and gres, for 
must observe, that although chrystal is not 
set down in the table of the weight of each 
matter but for six drachms 22 grains, it must 
be supposed one drachm heavier, because it 
was sensibly too small ; and it was for this 
reason that I excluded it from the general table 
of relations; nevertheless, as the general result 
agrees with the rest, I can present the follow 
ing as the order in which these different sub- 
stances are cooled : S 

: Pumice-stone, oker, porcelain, clay, glass, 
crystal and gres, is according to that of theit 


density, for the oker is herebefore the porcelain 
only because, being a fusible matter, it dimi-. 
nished by the friction it underwent in the ex+ 


periments, and, besides, their density differs so 


little that they may be looked upon as equal. 
Thus the law of the progress ‘of heat in 


vitrescible and vitreous matters is relative to 
the order of their density, and has little or no re« 
lation with their fusibility but by the heat re- 

~ quired 
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quired to fuse these substances being in an 
_almost equal degree, and the particular degree 
of their different fusibility being so near each 
other that an order of distinct terms.cannot be 
made; thus their almost equal fusibility mak- 
ing only one term, which is the extreme of this 
order, we must not be astonished that the pro- 
gress of heat here follows the order of density, 
and that these different. substances, which are 
all equally difficult to fuse, heat and cool - 
more or less quick in proportion to the matter 
they contain. 

It may be objected io me that glass fuses 
more easily than clay, porcelain, oker, and 
pumice-stone, which, nevertheless, heat and. 
cool in less time than glass ; but the objection 
will fail when we reflect, that to fuse glass it is 
requisite to have a very fierce fire, the heat of 
which is so remote from the degrees. which 
glass receives in our experiments on refrigera- 
tion, that it cannot have any influence on them. 
Besides, by powdering clay, porcelain, and 
pumice-stone, and by giving them their analo- 
gous fusers, as we give to sand to convert it 
into glass, it is more than probable that we 
‘should fuse all the matters in the same degree 
of fire, and that, consequently we must look. 
upon it as equal, or almost equal, with their | 
VOL. X. | x _ resistance 
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fesistance fo fusion’; atid it is for this ‘reason 
that ‘the law’of ‘the progress of heat in these 
‘matters ‘is foutid Dial est deat. to the “order 
“of their density. | 
FV Cdtedteotts mattérs, ranged bts 
to the orllér of their’ density, dre, chalk, soft 
‘stone, ‘hard stone, cottiinon’ marble, and white 
sharble, Which'is he same'as that of their den- 
sity. ‘Phe fusibility ‘ishothere of any ‘weight, 
‘bechuse ‘it requires at first a very great degree 
‘Of fire to cacitie ‘them ; ‘atid ‘although the ‘cal- 
citation divides the parts, we must look upon 
‘the ‘effectiotily’ as a first degree and ‘not'as a 
‘complète fusion. ‘The whéle’ ‘power ‘of ‘the 
best burning mirrôts ‘is: scaréely ‘sufficient'to | 
‘perform it. I ‘have melted “and'‘réduced ‘into \ 
a kind of glass some ‘of the’se Calcavéous mat. M 
4érs; and Tam convinced that ‘these ‘matters — 
ay, like all the rest, ‘he’reduced ilteriorly 
‘into: glass, without or fe ‘for this purpose — 
any ‘fusing’ infatter, and oily ‘by ‘the force Of a ! 
‘fire si:perior ‘to that of our ‘furnaees’; - conse: # 
quently ‘the common term of their fasibility is « 
‘still more rémôte, and more extreme, thanthat — 
of vitreous matiers, and it ‘is for this reason t 
that they also ‘follow more exactly the orden 3 
density in the progress of heat. om 
“Whitey psum, aes called stat, ? 
4 isi 
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‘is.a,matter which calcines like all otherpiasters 
by a, more moderate. heat than that which. is 
necessary for the calcination of calcareous 
matters, and it follows the order of density in 
the progress of heat which it receives or loses, 
for although much more dense than chalk, and 
à little more so than white calcareous stonc, it 
heats and cools more readily than either of 
those matters.. This demonstrates that the 
more or less easy calcination and fusion pro- 
duces the same effects relatively to the pro- 
gress of heat. Gypsous matters do not require 
so much fire to calcine as calcareous, and it is 
for this reason that, although more <lense, 
they heat and cool much quicker. _ 

: Thus it may be concluded, that, in general, 
the progress of heat in all Mineral Substances 
is always nearly in a ratio of their greater or 
less facility to caleine, or melt: but that when 
their calcination, or their fusion, are equally 
difficult, and that they require a degree of ex, 
treme heat, then the progress of heat is made 
according to the order of their density, 

_ I have deposited in the Royal Cabinet the 
_ globes of gold, silver, and of all the other 
metallic and mineral substances which served. 
for the preceding experiments, that ifthe truth 
of their resylis, and the general consequences, 
which 
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which I have deduced, be doubted, there may 
be an opportunity of Se es pus more 
authentic. RO, 


- 


OBSERVATIONS ON THE NATURE OF PLATINAe 
TASES 


WE have already seen, that of all the Mi- 
neral substances which I subjected to trial it 
was not the most dense, but the least fusible, 
which required the longest time to receive and 
lose heat. Iron and emery, which are the 
most difficult matters to fuse, are, at the 
same time, those that heat and cool the 
slowest. There is nothing except platina 
that is accessible to heat, which retains it 
longer than iron. This mineral, (which has 
not long been publicly mentioned) appears, 
however, to be more difficult to fuse ; the fire 
of the best furnaces is not fierce enough to pros 
duce that effect, nor even to agglutinate the 
small grains, which are all angular, hard, 
and similar in form to the thick scale of iron, — 
but ofa yellowish colour; and although we cam 
fuse them without any addition, and reduce 
them into a mass by a mirror, platina seems to 
require more heat than the ore and scales ofiron » 


Lio 
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which we easily fuse in our forge farnaces. 
In other respects, the density of platina being 
much greater than that of iron, the two quan 
tities of density and non-fusibility unite here to 
render this matter the least accessible to the 
progress of heat. I presume, therefore, that 
platina would have been atthe head of my table 
if I had put if to the experiment; but I was 
not able to procure a globe of it of an inch dia- 
meter, it being only found in grains* ; and that 
which is in the mass is not pure, it being ne- 
cessary, in order to fuse it, to mix it with other 
matters, which alter its nature. The Comte 
de Billarderie d’Angivilliers, who often at- 
tended my experiments, led me to examine 
this rare metallic substance, not yct sufficiently 
known. Chemists who have employed their. 
time in platina, have looked upon it as a new, 
perfect, proper, and particular metal, different, 
from all the rest; they have asserted, that its 
specific weight was nearly equal to that of gold; 
but that it essentially differed in other respects 
from gold, having neither ductility nor fusibi- 
lity. IL own lam of a quite contrary opinion ; 
because a matter which has neither ductility 
nor fusibility, cannot rank in the number of 

Dr à metals, 

“#*T have been assured, however, by a person of the first 
respectability, that platina is sometimes found in masses, 


and that he himself saw a piece that weighed twenty 
pounds, pure as it was extracted from the mine, } 
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metals, ‘whose essential and common: proe 
perties are to be ductile and fusible... Neither, 
after a very careful examination, did latina 
appear Wine a new metal different from, every 
other, but rather an alloy of iron and gold 
formed by Nature, in which the quantity, of 
gold predominated over the tron ; aud I found 
ed this opinion on the following facts sai Er 
- Of 8 eunces 85 grains. of platina, furnished 
me by Conte d’Angivilliers, which | presented 
to a strong loadstone, there remained only 1 
ounce, À dram, and 98 grains, all the rest was 
taken away by the loudstone ; therefore, nearly 
six-sevenihs of the whole was atiracted by the — 
Foadstone, which is so considerable a quantity, 
that it is impossible to suppose thatiron is not 
contained in the intiaie substanee of platina, 
but that it is even there in a very great quan» 
tity. Fam convinced it contains much more, 
for if | had not been weary of these experi- 
ments, which took me up several days, I should 
have attracted a great part of the remainder 
of the 3 cunces by my loadsione, for io the 
last it continued to draw some grains one by 
one, and sometimes two. ‘i here is; therefore, 
much iron in platina, and it is not simply. 
mixed with it, as with a foreign matter, but in- 
timately- united and makipg part of its sub- 
edie : stance >: 
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stance: or, if this is denied, it must ‘be sup: 
posed, that there exists a second ‘matter in 
‘Nature which like iron may be attracted ‘by 
the foatlstone. 

 AWthe platina’ Thave had an cia ity of 

examining, has appeared to be mixed with two 
different matters, the one black, and very at 
tractable by the loadstone ; the other in larger 
grains, of a pale yellow, and much less mage 
netic than the first. Between these two mat- 
‘ters, which are the two extremes, are found all 
the intermediate links, whether with respect 
to magnetism, colour, or size of the grains. 
The most magnetic, which are at:the-same 
time the blackest and snrallest, reduce easily 
into powder bya very slight friction, andleave 
on white paper the same marks as lead. Seven 
leaves of paper which were successivély made 
use of to expose the platina to the action of 
the ‘loailstone, were blackened over the whole 
extent occupied by it ; the last left less than the 
‘first, in proportion as the grains which remain- 
ed were less black and magnetic ; the largest 
grains, which are yellow, and least magnetic, 
‘instead of crumbling into powder ‘like the 
small black grains, are very hard, and resist all 
irituration ; nevertheless, they are susceptible 
‘of extension in an agate mortar, under the 
‘reiterated strokes of a pestle of the same mat- 
ter, 
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ter, and I flattened and extended many grains 
to the double cr treble extent of their surface; 
this part of platina, therefore, has a certain 
degree of malleability, and ductility, whereas 
the black part appears to be neither malleable | 
nor ductile. The intermediate grains parti- 
cipate of the qualities of the two extremes’: 
they are brittle and hard, they: break or ex- 
tend under the strokes of the pestle, and afford 

a little powder not so biack as the first. ny 
Having collected this black powder and the 
most magnelic grains that the loadstone at 
first attracted, I discovered that the whole 
was iron, but in a different state from common 
iron. ‘The latter reduced into powder and 
filings contracts moisture, and rusts very 
readily ; in proportion as the rust increases, it 
becomes less magnetic, and absolutely loses 
this magnetical quality when entirely and in- 
timately rusted; whereas this iron powder, or 
ferruginous sand found in the platina, is inac- 
cesssible to rust, how long soever it may be 
exposed to the air and humidity; it is also 
more infusible and much less dissoluble than 
common. iron; but is, nevertheless, an iron — 
which appears to differ only from common iron 
by a greater purity. Thissand is, in fact, iron 
divested of all the combustible matter and all | 
ierrene parts which are e found in common iron, 
~ and 
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and even in stecl. It appeats éndowed and co- 
yered with a vitreous varnish which defends 
dt from all injury. © Whatis very remarkable, 
this pure iron sand docs not.exchisively belong 
tothe platina ore; for {have found it, although 
always in small quantities, in many parts where 
dheiron ore has becn dug,aud which consumed 
in my forges. As I submitted to several trials 
wll the oxes [ had, before I used them in my 
experiments, J was surprised to find in some 
of them, which were in grains, particles of. 
iron, somewliat rounded and shining, like the 
filings of iron, and perfecily resembling the 
_ fcrruginous sand of the platina ; they were all 
as magnetic, all as little fusible, and all as dif- 
ficult of solution. Such was the result of the 
comparison I made on the sand of platina, 
and of the sand found in both my iren ores, at 
the depth of three feet, in carths where wa- 
tereasily penctrated. I was puzzled teconccive 
whence these particles of iron could proceed, 
how they had been defended against rust for 
the ages they were exposed to the humidity 
of the earth, and bow this-very magnetical 
fron had been produced in veins of mines, 
which had notthe smalies! degree of that qua- 
dity. Lcalled experience to my aid, and became 
at length satisfied upon these points. I was 
YOu. x x well 
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well convinced that none of our iron ores in 
grain were tractable by the loadstone, and — 
well persuaded that all iron ores, which are « 
magnetical, have acquired that property only 
‘by the action of fire: that the mines of the 
‘north, which are so magnetical as to be sought 
after by the compass, must owe their origin to 
fire, and are formed by the means, or the inter- 
medium of water; from which I was induced : 
‘to suppose that this ferruginous and magnetic — 
sand, that: I found in a small quantity in my — 
‘iron mines, must owe its origin to fire, and ; 
‘having examined the place I was confirmed in } 
this idea, ° This magnetical sand is found in a « 
‘wood, where, from time immemorial, they © 
‘have made, and still continue to make,’ coal « 
furnaces. It islikewise more than probable that ni 
there: were formerly considerable fires here. — 
‘Coal and ‘burnt wood produce iron dross, } 
which includes the most fixed parts of iron 
_that vegetables contain; it is this fixed iron, à 
which forms the sand here spoken of, when the" 
dross is decomposed by the action of the air, — 
sun, and rain, for then these pure iron partie - 
cles, which are not subject to rust, norto any 
other kind of ee su eh themselves to be | 
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advance may be verified by grinding the dross 
well burnt, and there will be found a smali 
quantity of this pure iron, which, having re- 
sisted the action of the fire, equally resists that - 
ofthe solvents, and does not rust at all. 
Being satisfied on this head, and having 
sufliciently compared the sand and dross ta- 
ken from the iron ores with that of the p! tina, 
so as to have no doubt of their identity, it was 
not long before I was led to conclude, consi- 
dering the specific gravity of plating, that if 
this pure iron sand, (proceeding from the de- 
composition of dross) instead of being in an 
iron mine, was found near to a gold one, it 
might, by uniting with that metal, form an al- 
Joy which would be absolutely of the same na- 
ture as platina. Gold and iron have a great 
affinity; and it is well-known that most iron 
mines contain a small quantity of gold; it is 
also known how to give to gold the tint, co- 
Jour, and even the brittieness of iron, by fusing 
them together. This iron-coloured gold is 
used on different golden jewels to vary the coz 
lours ; and this gold mixed with iron is more 
or less grey, and more or less tem pered, accord- 
ing to the quantity of iron which enters the 
_anixture. -I have seen it ofa tint absolutely 
like the colour of-platina ; and haying enquir- 


ec 
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ed of a goldsmith thé proportion of gold aid 
iron therein, he informed me, that ima piece 
of 24: carats, there were no more! than IS gold, 


consequently a fourth part was irom, whichis 


nearly the proportion found im the natural plas 
tina, if We judge of it by the specific weight ; 


and this gold made with irom is) harder and — 


specifically less wéighty than pure gold. Al 
these agreéménts and common qualities with 
platina, have persuaded me, that this pretends 
ed metal is, in fact; only an alloy of gold and 
on, and not a particular substance, a new 
and perfect metal different from se other; 
ds chemists have supposed.: | 


It is well known that alloy midltes all hits 


brittle, and that when there is a penetration, 
that is, an augmentation in the specific gravity; 
the alloy is so much the more tempered asthe 
penetration is the grcater, andthe mixture bes 
comes the more intimate, asis perceived inthe 
alloy called bell-metal, although it be com- 
posed of two very ductile metals. Now nos 
thing is more tempered, nor heavier than pla: 


tina, which alone ought to make us concludé — 
that it is only an alloy made by Naiuréja | 


mixture of iron and gold, owing in part its 
specific gravity to this last, and, perhaps, al- 
so, in a great part, to the penetration of the 
two matters of which it is composed. 


As 
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_ Asthis matter, heated alone and without 
any addition, is very difficult to reduce intoa 
mass, as by the fire of a burning mirror we can 
obtair only very small masses, and as thé hy- 
drostatical experiments made on small voi 
lumesare so defective, that we cannot conclude 
any thing therefrom, it appears to me that thé 
chemists have been deceived in their estima- 
tion of the specific gravity of this mineral. 1 
put some powder of gold in a litile quill, which 
I weighed very exactly; I put in the same 
quill an equal volume of platina, and it weigh- 
ed nearly a tenth less; but this gold powder 
was much too fine in comparison of the pla- 
tina. M. Tillet, who besiies a profound know- 
ledge of metals, possessed the talent of mak- 
ing experiménts with the greatest precision, 
-repeated’, at my request, this experiment up- 
on the specific weight of the platina, compared 
to pure gold; for this purpose, he, like me, 
made use of a quill, and cut gold of 24 carats, 
retluced as much as possible to thesize of the 
grains of platina, and he found, by eight exe 
periments, that the weight of platina differed 
from that of pure gold very. near a fifteenth ? 
but we both observed that the grains of gold 
had much shaper angles than thé platina: all 
the angles of the latter were blunt, and even 
soft, whereas the grains of this gold had sharp 
. and 
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and cuiting angles, so that they could ‘not 
adjust themselves, nor heap' one on the other 
as easily as those of platina. The gold pow- 
der I had before made use of was such as is 
found in river sand, whose grains adjust them- 
selves much better one against the other, and 
I found a about a tenth difference between the 
specific weight of those and platina; neverthe+ 
less, those are not pure gold, more than twoor 
three carats being often wanting, which must 
diminish the specific weight in the same rela- 
tion. Thus we have thought we might main: 
tain, from the result of my experiments, that 
platina in grains, andsuch as Nature produces 
it, is, at least, an eleventh, or twelfth, lighter 
than gold. There is every reason to presume 
that the error on the density of platina, pro- 
ceeded from i's not having been weighed in its 


natural state, but only after it had been re-. 


duced into a mass; and as this fusion cannot 
be made bat by the addition of other matters, 
and a very fierce fire, it is no longer pure pla- 
tina, but a composition in which fusing mat- 
ters are entered, and from which fire has oo 
the lightest parts. 

Platina, therefore,instead of being ofa density 


almost equal to that of pure gold, as has been ' 


asserted, is only a density between that of gold 
ak | and 
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and iron, and only nearer this first metal than 
the last. For supposing that the cube foot of 
_ gold weighed 13261b and that of iron 280, that 
of platina in grains will be found to weigh 
about 11941b. which supposes more than 3 of 
gold to 4 of iron in this alloy, if there is no 
penctration; ‘but as we extract § by the load- 
stone, it might be thought, that there is more 
than 4 iron therein: especially as by conti- 
LR this experiment, I am persuaded, we 
should be able, with a strong loadstone to bring 
away all the platina even to the last grain. 
Nevertheless, we must not conclude that iron 
is. contained therein in so great a quantity ; for 
when it is mixed by the fusion with gold, the 
mass which results from this alloy is attractable 
by the loadstone, although the iron is in no 
great quantity therein. M. Baume had a piece 
of this alloy weighing 66 ait in which was 
only entered 6 grains, that is, £ of iron, and 
this button was easily taken res by the load- 
stone. Hence the platina might possibly con- 
tain only +; iron, or 46 gold, and yet be at- 
tracted entirely by the ls dstone sand this per- 
fectly agrees with the specific weight which is 

«less than gold. , 

But what makes me presume, that .platina 
contains more than -£ of iron, or ££ of gold, 


is 
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is, that the alloy from this proportion is still 
of the gold colour, and much yellower than 
the highest coloured platina, and that 2 iron, 


or + gold is requisite for the alloy to be pre- 


cisely of the natural colour of platina. Tam, 
ihercfore, greatly inclined to think that there 

might possibly be this quantity of + iron in 
plating. We were assured by many experi- 
ments, ihat.the sand of this pure iron which 
contained platina, is heavier than the filings 
of commoniron. - Thus, this cause, added to 
the effect, of penetration, is sufficient for -the 


reason of this great quantity of iron contained 
under the smal! yolume indicated by ee oe 


cific weight of platina. 
On the whole, it is very noise fiat may 


be deceived in some of the consequences which - 


Ihave drawa from my observations on this 
metallic substance: for I have not been able 
to make so profound an examination asd 
could wish; and what I say isonly what I 
have observed, which may perhaps serve as 
astimulus to,other and better researches. sut 


Chance led me to tell my ideas to Conte.de 


 Mälly, who declared himselfnearly.of my opi+ 
nion. I gave him the preceding remarks to 
inspect, and two» days after he favoured me 


with: | 
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k 
\qith the following observations, and which he 
has permitted me to publish. 
 T weighed exactly thirty-six grains: of 
platina ; I laid them on a sheet of white paper 
that I might observe them the better with a 
magnifying glass: I perceived three different 
substances; the first had the metallic lustre, 
and was the most abundant; the second, draw- 
ing a Little on the black, very nearly resembled. 
à ferruginous metallic matter, which could 
undergo a considerable degree of fire, such 
as the scoria of iron, vulgarly called machefer: 
the third less abundant than the two first, i. e. 
sand, where the yellow, or topaz colour, is 
the most predominant. Each grain of sand, 
considered separate, offered {o the sight regu- 
lar chrystals of different colours. I remarked 
some in an hexagon form, terminating in 
pyramids like rock chrystal; and this sand 
seems to be no other than.a detritus of chrys- 
tal, or quartz of different colours. 

‘6 { resolved on separating, as exactly as 
possible,these different substances, by means of 
the loadstone, and to put aside the parts ‘most; 
attractable by the loadstone, from those which 
were less, and both from those which were not 
so at all; then to examine each substance par-- 
ticularly, and to submit them to different che- 
mical and mechanical heats. i. 
vol. x. Z ‘€ I sepa- 
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‘ T ‘separated these parts of the platina 
which were briskly attracted at the distance of 
two or three lines ; that is to say, without the 
contact of the loadstone; and for this experi- 
ment I made use of a good fictious magnet; & 
afterwards touched the metal with this mag+ 
net, and carried off all that would yield to the 
magnetical force. Being scareely any longer 
attractable, I weighed what: remained, and 
which I shall call No. 4 it was twenty-four 
grains; No. 1, which was the most sensible to 
the magnet, weighed four grains; No. 2 
weighed the same; and No. 8, five grains 

No. I, examined by the magnifying glass, 
presented only a mixture of metallic-parts, & 
white sand bordering on the greyish, flat and 
round, or black vitriform sand, resembling: 
pounded scoria, in which very rusty parts are 
perceptible : in short, such as the scoria of: 
iron presents after having been ere to 
moisture. «La 

“No. see nearly the same, extent 
ing that the metallic parts predominated, and 
that there were very few rusty particles. . 

«No. 3 was the same, but the metallic parts - 
were more voluminous ; they resembled melted 
metal which had been thrown into water to be. 
granulated; they were flat, and of all sorts of 


a duh rounded on the torners. 
No. 4, 
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“ No. 4, which had not been carried off by 
the magnet (but some parts of which still af- 
forded marks of sensibility to magnetism, when 
the magnet was moved under the paper where 
they were in), wasa mixture of sand, metallic 
parts, and real scoria, friable between the fin- 
gers, and which blackened in the same manner 
as common scoria. The sand seemed to be 
composed of small rock, topaz, and cornelian 
chrystals. I broke some ona steel, and the 
powder was like varnish, reduced into powder ; 
I did the same to the scoria ; it broke with the 
greatest facility, and presented a black powder 
which blackened the paper like the common. 

‘€ The metallic parts of this last (No. 4) ap- 
peared more ductile under the hammer than 
those of No. 1, which made me imagine they 
contained less iron than the first : from whence 
it follows, that platina may possibly be no more 
than a mixture of ironand gold made by Na- 
ture, or perhaps by the hands of men. | 

‘€ | endeavoured to examine, by every pos- 
sible means, the nature of platina: to assure 
myself of the presence of iron of platina by 
chemical means, I took No. 1, which was 
very attractable by the magnet, and No. 4, 
which was not; I sprinkled them with fuming . 
spiritof nitre; 1 immediately observed it with 
the microscope, but perceived no effervescence: 

| | {added 
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I added distilled water thereon, and it still 
made no motion, but the metallic parts acs 
quired new brilliancy, like silver: I let this 
mixture rest for five or six minutes, and hay- 
ing still added water, I threw some drops of 
alkaline liquor saturated with the colouring 
matter of Prussian blue, and very fine Prus- 
sian blue was afforded me on the first. _ 

“6 No. 4, treated in the same manner, gave 
the same result, There are cwo things very 
singular toremark in these experiments ; first, 
that it passes current among chemists who 
have treated on the platina, that aquafortis, or 
spirit of nitre, has no aclion on it. Yet, as L 
have just observed, it dissolves it sufficiently, 
though without effervescence, to afford Prus- 
sian blue, when we add the alkaline liquor 
phlogisticated and saturated with the colour- 
ing matter, which, as is known, PPS a 
iron into Prussian blue. 

“ Secondly, Platina, which is not sensible 
to the magnet, does not contain less iron, since 
spirits of nitre dissolves it enough, and without 
effervescence, to make Prussian blue. Whence 
it follows, that this substance, which modern 
chemists, perhaps toogreedy of ihe marvellous, 
and too willing to give something novel, have 
considered as a ninth metal, may possibly be 
e:ly a mixture of gold and iron. | 


« Without 
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6 Without doubt there still require many 
“experiments to determine how this mixture has 
taken place, if it be the work of Nature or the 
effects of some volcano, or simply the produce 
of the Spaniards’ labours in the New World to. - 

acquire gold in the mines of Peru. 
<¢ If werub platina on white linen it black- 
ens it like common scoria, which made me 
suspect that it was the parts of iron reduced 
into scoria which are found in this platina, and 
give it this colour, and which scem, in this 
state, only to have undergone the action of a 
yiolent fire. Besides, having a second time 
examined platina with my lens, I perceived. 
therein dificrent globules of liquid mercury, 
which made me suppose that platina might. 
be the produce of the hands of man, in the 
following manner :—Platina, as I have been 
told, is taken out of the oldest mines in Peru, 
which the Spaniards explored after the con- 
quest of the New World. In those dark times 
only two methods were known of extracting 
gold from ihe sands which contained it ; first, 
by anamalgama with mercury ; secondly, by. 
drying it. The golden sand was triturated 
with quicksilver, and when that was judged 
to be loaded wiih the greatest part of the gold, 
the sand was thrown away, which was named. 

crasse, as useless and of no value. 
| € The 
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 Theother method wasadopted with as little 
judgment ; to extract, it they began by minera+ 
lising auriferous metals by means of sulphur, 
which has no action on gold, the specific weight 
being greater than that of other metals: but to 
facilitate its precipitation iron was added, which 
loaded itself with the superabundant sulphur, 
and this method is still followed. The force 
of fire vitrifies one part of the iron, the other 
combines itself with a small portion of the gold, 
or even silver, which mixes with the scoria, 
from whence it cannot be drawn but by strong 
fusions, and being well instructed in the suil- — 
able intermediums which are made use of. Ches __ 
mistry, which is now arrived to great perfec- 
tion, affords;. in fact, means to extract the 
greatest part of this gold and silver : but at the 
time when the Spaniards explored the mines of 
Peru, they were, doubtless, ignorant of the art 
of mining with the greatest profit; besides,  - 
they had such great riches at their disposal that 
they, probably, neglected the means which 
would have cost them trouble, care, and time; 
there is much reason therefore to conclude that 
they contented themselves with a first fusion, 
and threw away the scoria as useless, as well as . 
the sand which had escaped the quicksilver,and ' 
perhaps they made a mere heap of these two 
mixtures, which they regarded as of no value: 
“These — 
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These: scoria contained gold and silver, — 
iron under different states, and that in different - 
proportions unknown to us, but which, per- 
haps, are those that gave origin to tle platina. 
The globules of quicksilver which I observed, 
and those of gold which I distinctly saw, 
with theassistance of a good lens, in the plati- 
na I had in my hands, have given birth to the 
ideas which I have written on the origin of 
this mineral; but I only give them as ha- 
zardous conjectures.. To acquire some cer- 
tainty we must know precisely where the pla-. 
tina mines are situated, and examine if they 
have been anciently explored, whether it be 
extracted froma new soil, or if the mines-be 
only rubbish,and to what depth they are found ; * 
and, lastly, if they have any appearance of 
being placed by the hands of man there or not, 
which alone can verify or destroy the conjec- 
tures I have advanced.” * eee 
_. These observations of Comte de Milly con- 
firm mine in almost every point. Nature isthe 
same, and presents herself always the same to 
those who know how to observeher : thus we 

ve must 


‘*Baron Siekengen, minister of ‘the elector Palatine, 
told M. de Milly, that he had then in his possession two 
memoirs which had been givento him by M. Kellner, che~ 
mist and metallurgist in the service of the Prince of Birc- 
Kenfeld, at Manheim, and which offered to the court of 
‘Spain to return nearly as much gold as they would send 
hum platina. 
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must not besurprized that, without ariy coms 
munication, we observed the same things, and 
deduced the same consequence therefrom ; that 
platina is not anew metal, different from every 
other, but a mixture of iron and gold. To re: 
concile his observations still more with mine, 
and to enlighten, at the same time, the doubts 
which remain on the origin and formation of 
platina, [have thought it necessary to ae the 
following remarks : 

1. The Comte de Milly distinguishes three 
kinds of mattersin platina; namely,two, metal- 
lic, and the third, non-metallic, ofa chrystals 
line form and substance. He observed, as well 
as I, that one of the metallic matters is very 
ättractable by the magnet, and the other but: 
little, or notat all. I mentioned these two mat- 
ters as well as he, but I did not speak of the 
third, which is not metallic, because there was - 
none, or very little, on the platina on which I 
made my observations. It is possible that 
the platina which the Comte made use of 
was not so pure as mine, which, I observ- 
ed with the greatest care, and in which I saw 
only some small transparent globules, like 
white melted glass, which were united to the 
particles of platina, or ferruginous sand, and 
which were carried any where by the magnets 

i here. 
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These transpare nt globules were very few, and 
in eight ounces of platina which I narrowly 
inspected with a very strong lens, I never 
perceived regular crystals. It rather appeared - 
to me that all the transparent particles were 
globulous, like melted glass, and all attached to 
metallic parts ; nevertheless, as I did not inthe 
least doubt the veracity of the Comte de Milly’s 
observation, who observed crystalline particles 
of a regular form, and ina great number, in 
his platina, I thought I ought not to confine 
myself solely to the examination of that platina 
of which I have spoken ; and finding some in 
the king’s cabinet, M. Daubenton and I ex- 
ainined it together: this appeared to be much 
less pure than that ‘we had before made our 
experiments on ; and in it we remarked a 
great number of small prismatic and transparent 
crystals, some of a ruby colour, others of a 
topaz, and others perfectly white, which con- 
vinced us of the corréctness of the Comte 
de Milly in his observations; but this only 
' proves that there are some mines of platina 
much more pure thanothers, and that in those | 
which are the most so, none of these foreign 
bodies are’ found. M. Daubenton also re- 
marked some grains flat at bottom and rough at 
top, like melted metal cooled on a plain, and I 
UD a aie! Aa very 
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very distinctly saw one of these hemispherical 
grains, which might indicate that platina is a 
matter that has been melted by the fire ; but it 
is very singular, that in this matter, if melted 
by fire, small crystals, topaz, and rubies,, are 
found; and I know not whether we ought 
not to suspect fraud in those who supplied this 
_ platina, who, to increase the quantity, mixed 
it with these crystalline sands, for I never met 
with these crystals but in one half pound, of 
platina given me by the Comte de Angilliviers. 
2.1, as well as Comte de Milly, found gold 
sand in platina; it is readily discovered:-by its 
colour, and because it is ‘not magnetical; but 
I own that I never perceived the globules of 
mercury which he states to have done ; yet I 
do; not mean therefore. to deny ile exist, 
ence, only that it appears to me that the sand 
of gold meeting with the globules of mercury, 
in the:same matter, they might be soon amal- 
gamated, and not retain the colour of gold, 
which I haveremarked in all the gold sand that 
I could find in half a pound of platina ; besides, : 
the transparent globules, which I haye just 
spoken of, resemble greatly the globules of live 
and shining mercury, insomuch that atthe 
first glance it is easy to be deceived in them. 
8. There 
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3. There were by no means so may tar: 
nished and rusty partsin my first platina asin 
that of Comte de Milly’s, nor was it properly 
a rust which covered the surface of those fer- 
ruginous particles, but a black substance pro- 
duced by fire, and ‘perfectly similar to that 
which covers the surface of burnt iron. But 
my second platina, that which I had from the 
royal cabinet,had a mixtureofsome ferruginous 
paris, which under the hammer were reduccd 
intoa yellow powder,and had all thecharacters 
of rust. This platina therefore of the royal 
cabinet,and that of Comte de Milly, resembling 
in every respect, it is probable that they pro: 
ceeded from the same part, and by the same 
road: I even suspect that both had been so- 
phisticated and mixed neariy one half with 
foreign crystalline and. ferruginous rusty mate 
ters, which are not to be met with in pai nat 
ral platina. | 

: 4. The production of ét blue by fel 
Etre appears evidently to prove the presence 
ofiron inthose parts even ofthis mineral which 
are the least attractable to the magnet, and at 
the same time ‘confirms what I have advanced 
on theintimate mixture of iron in its substance. 
The flowing of platina by spirits of nitre, also 
proves that although ithas no sensible efferves- 
cence, thisacid attracts the platinain an evident 

manner 3 
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manner; and the, authors who have asserted 
the» contrary, ‘have followed ‘their common 
track, which consists in looking on all actions 
as null which donot produce an effervescence. 
These second experiments of the Comte de 
Milly would appear to me very Bid tee: if 

= succeeded always alike. | 
- We must however admit that many es- 
‘oie points ofinformation arewantiñg to pro- 
nounce affirmatively on the origin of platina: 
We know. nothing of the natural history of 
his mineral, and we cannot too greatly exhort 
those who are able to examine it on the spot, 
to make known their observations ; and until 
that is done we must confine ourselves to con- 
jectures, some of which appear only more pro- 
bable than others. For example, I do notima- 
gine platina to be the work of man. The 
Mexicans and Peruvians knew how to cast 
and work gold before the arrival of the Spa- 
niards, and they were not acquainted with iron, 
which nevertheless they must have employed 
ina great quantity. The Spaniards themselves 
did not establish furnaces in this country when 
they first inhabited it to fuse iron. There 
is, therefore, every reason to conclude, that 
they did not make use of the filings of iron 
for the separation of gold, atleast in the be- 
ginning: 
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ginning of their labours, which does not go 
above two centuries and a half back; a time 
much too short for so plentiful a production 
as platina, which is found in large gpnites 
in many places. | 
Besides, when gold is mixed with i iron, by 
fusing them together, we may always, by a 
chemical process, separate them, and extract 
the gold: whereas, hitherto, chemists have 
not been able to make this separation in pla- 
tina, nor determine the quantity of gold con- 
tained in this mineral. This seems to prove, 
that gold is united with it in a more intimate 
manner than the common alloy, and that iron 
is also in it, in a different state from that of 
common iron. Platina, thereforc, appears to 
me tobe the production of nature, and. Iam 
greaily inclined to think, that it owes its first 
origin to the fire of volcanos. . Burnt iron, 
intimately united with gold by sublimation, or 
f usion, may have produced this mineral, which 
having been at first formed by the action ofthe 
fiercest fire, will afterwards have felt the im- 
pression of water, and reiterated frictions, 
which have given it the form of blunt angles. 
But water alone might have produced platina ; 
for supposing gold and iron divided as muchas 
possible by the humid mode, their molecules, 


by 
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by uniting, will have formed the grains which 
compose it, and which from the heaviest to the 
lightest contain gold and iron; the proposition — 
of the chemist who offers to render nearly as 
much gold as they shall furnish him with pla- 
tina, seems to indicate, that there is, in fact, 
only ++ - of iron to $$ of gold in this mineral, 
or posaibtiy less. But the nearly of this che- 
mist is perhaps a fifth, or fourth, and indeed, 
if he could realize his promise to a fourth, it 
would be doing a great deal, and no vain boast. 

Being at Dijon the summer of 1773, the 
Academy of Sciences and Belles Letters, of 
which I have the honour to bea member, ex- 
pressed a desire of hearing my observations on 
platina ; and having complied; M. de Mor- 
veau resolved to make some experiments on 
this mineral; for which purpose I gave him 
a portion of that which I had attracted by thé 
loadstone, and also some which I had found 
insensible to magnetism, requesting him to ex- 
pose it to the strongest fire he could possibly 
make. Some time after, he sent me the fol- 
Jowing experiments, which he was pleased to 
subjoin to mine. 

*¢ Monsieur the Comte de Buffon, in a jour- 
ney to Dijon, in the summer of 1773, having 
caused me to remark in half adrachm of plati- 

na, 
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na, which M. de Baume had'sent him in 1768, 
grains in form of buttons, others flatter, and 
some black and scaly; and having separated 
by the loadstone those which are attractable 
from those; which appeared not so, I tried to 
form Prussian blue with both. LIsprinkled the 
fuming nitrous acid on the non-attractable 
parts; which weighed 23 grains. Six hours 
after I put distilled. water on the acid, and 
sprinkled alkaline liquor, saturated with a co- 
louring matter; however there was not a 
single atom of blue, the platina had only a 
little more brightness. I alike sprinkled the 
fuming acid on‘the remaining ‘platina, part of 
which was attractable, the same Prussian alkali 
precipitated a blue feculency, which covered 
the bottom ofa pretty large bason. The pla- 
tina, after this operation, shewed like the first. 
I washed and dried it, and found it had not lost 
3 of.a grain, or 4, part; haying examined it 
in'this state: I perceived a grain of beautiful 
yellow, which was pure gold. 
M. de Fourcy had lately told the world, 
that the dissolution of gold was thrown down 
ina blue precipitate by the Prussian alkali, 
and-had placed this circumstance in a table of 
aflinity ; | was tempted to repeat this cxperi- 
ment, 
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ment, and sprinkled, in consequence, the 
phlogisticated alkaline liquor in the dissolution 
of gold, but the colour of this dissolution did 
not change, which made me suspect that the 
dissolution of gold made use of by M. de 
Fourcy might possibly not have been so pure. 
“At the same time the Comte de Buffon 
having given me a suflicient quantity of platina 
to make further assays, I undertook to separate - 
it from all foreign bodies by a good front ; and 
I have here subjoined the PE and their 
results. 


EXPERIMENTS. 


T. Having put a drachm of platina, in @ 
cupel, into a furnace, [kept up the fire two 
hours, when the covers sunk down, the sup- 
porters having run, nevertheless the platina was 
only agglutinated ; it stuck to the cupel, and 
had left spots of a rusty colour. The pla- 
tina was then tarnished, even a little black, 
and had only augmented a quarter of a 
grain in weight; a quantity very small in 
comparison with that which other chemists 
have observed. What surprised me still 
more was, that this drachm of platina, as well 
as that I used for other experiments, had 
been successivel 7 carried away by the load- 

stone 
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sionc, and made a portion of £ ofeight ounces, 
ef which the Comte de Buffon has before 
spoken. | 
“TL, Half a drachm of the same platine, ex- 
posed to the same fire in a cupel, was also ag- 
glutinated ; [adhered tothecupel, on which it 
had left spois ofa rusty colour; the angmenta« 
tion of weie¢ht was found to be rtearly in the 
same proportion, and the surface as black. 
«HE. F putthis half drachm into a new 
cupel, but instead of a cover À placed over it a 
leaden crucinle: 'Phis L kept in the most exs 
treme heat Yor four boars; when it was cooled 
I found the crucible soldered to the support, 
and having breken wf perecived that nothing 
had penctratcd into the internal part of the 
crucible, which appeared te be only niore 
glossy than before. The cupel had preserved 
iis form and position; it was a litile cracked, 
but not enough to admit of any penetration ; 
the platina wasalso not adherent to it, though 
agglutinated, but in a much more intimate 
manner than im the first experiments; the 
grains were less angular, the colour more clear, 
and the brilliancy more metallic, But what 
was the most remarkable during the operation, 
there issucd from ils surface, prebably in the 
first moments of its refrigeration, three drops 
Sib, X, - Bb of 
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of water, one of which, that arose perfectly 


spherical, was carried up on a small pedicle of 


the vitreous and transparent matter. It was of 
an uniform colour, with a slight tint of red, 
which did not deprive it of any transparency ; 
the smallest of the other {wo drops had likewise 
a pedicle, and the other none, but was only at- 
tached to the platina by its external surface. 
‘TV. I endeavoured to assay the platina, 
and for thatintent put a drachm of the grains 
taken up by the loadstone into a cupel, with 
two drachms of lead. After having kept up 
a very strong fire for two hours, I found an ad- 
herent bution, covered with a yellowish and 
spuageous crust of two drachms twelve grains 
weight, which announces that the platina had 
retained one drachm twelve grains of lead. ‘I 
put this button into another cupelin the same 
furnace, observing to turn it, by which it only 
lost twelve grains in two hours; its colour and 
form were very little changed. The same 
picce of platina was put into Macquer’s 
furnace, and a fire kept up for three hours; 
when I was cbliged to take it out, because the 
bricks began toran. The platina was become 


more metallic, but it, nevertheless, adhered to | 


the cupel, and this time it lost 34 grains. i 
threw it into the fuming nitrous acid to assay it, 


and : 
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and there arising a little effervescence, I added 
distilled water thereon. The platina lost two 
grains, and I remarked some small holes, like 
those which its flying off might sccasion. 
“There then remained only 22 grains of 
lead in the platina. J began to forma hope of 
vitrifying this remaining portion of Jead, for 
which purpose I put the same piece of platina 
into a new cupel, and by the care I took for 
the admission of air, and other precautions, 
the activity of the fire was so greatly aug- 
mented that it required a supply every eleven 
minutes; to this degree of heat we kept for 
four hours, and then permitted it to cool. 

‘€ [ perceived the next morning that the 
leaden crucible had resisted, and that the sup- 
porters were only glazed by the cinders. J 
found a piece in the cupel, rot adhering, of 
a uniform colour, approaching more the colour 
oftin than any other metal, but only a little 
ragecd. Itweighed exactly one drachm. All, 
therefore, announced that this platina had en- 
dured an absolute fusion, and that it was per- 
fectly pure, for if we suppose it still contained 
lead, we must then admit that it had lost ex- 
actly as much of its substance as it had gained 
of foreign matter; and such a precision can- 
not be the effect of pure chance. 

‘6 T passed 
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‘¢ T passed several days with M. Buffon, 4 


_ whose company has the same charms as his 
style, and whose conversation is as complete as 
his books: Etook a pleasure in presenting him 
with the production of ouressays; weexamined 
them together, and observed, First, that the 
drachm of platina, agglutinated by these ex- 
perimenis, was not aliractable by the load- 
stone; that, nevertheless, the magnetieal bar 
had an action on the grains that were a 
from it. 

2, The half difaetins of the thie experi- 


ment was not only attractablein the mass, but 


the grains of gold separated therefrom did not 
themselves give any signs of magnetism. * 
‘3, The platina of the fourth experiment 
was absolutely insensible to the loadstone. ~ 
‘6 4. The specific weight of this piece was 
determined by a good hydrostatical balance, 
and being, for the greater certainty, compared 
to coined and to other very pure gold, used 
by M. Buffon in his experiments, their density 
was found, with water, in which Murs dois 
plunged, 
Pure gold - 1987 
Coin gold - 174 
Platina si 14e | 
8 5. This piece of platina was put upon 


steel ~ 
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steel to try its ductability; it supported the 
hammer very weil for a few strokes; its sur- 
face became flat and even, a little smooth in 
the parts which were struck, but it split soon 
after, and nearly asixth partseparated. The 
fracture presented many cavities, some of 
which had the whiteness and brilliancy of 
silver, and in others we remarked several 
points like chrystalization; the tops of these 
points examined with the lens, was a globule 
absolutely similar to that of the third experi- 
ment. Allthe other parts of this picce of 
platina were compact, the grain fincr and 
closer than the best brass, which it resembled 
in colour. We offered several of these pieces 
to the leadstone, but not one was attracted 
thereby. We powdered them again in an 
agate mortar, and then remarked that the 
magnetical bar raised up some of the smallest 

every time they are placed under it. 
 Phis new appearance of magnetism was 
so much the more surprising, asthe grains were 
detached from the agglutinated mass ofthe se- 
eond experiment, wh ich seemed to bavelost all 
sensibility at the approach and contact of the 
loadstone. In consequence we again took some 
of these grains, which were alike powdered, and 
soon perceived the smallest parts sensibly at- 
tach themselves to the magnetic bar. His im- 
| possible 
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possible to attribute this effect to the smootli- 
ness of the bar, or to any other cause foreign 
to magnetism. A piece of smooth iron, ap- 
plied in the same manner on the parts of this 
platina did not raise up a singlé grain. 

‘€ By these experiments, and the observa- 
tions which havearisen therefrom,we may judge 
of the difficulty of determining the nature of 
platina. It is very certain that it contains some 
parts which are. vitrifiable even without the ad- 
dition of a fierce fire; it is also certain that all 
platina contains ironand attractable parts ; but 
ifthe Prussian alkali never affords blue but with 
the grains which the loadstone attracts, we 
should conclude, that those which resist it are 
pure platina, which of itself has no magneticalk 
virtue, and of which iron does not make an 
essential part. We must suppose that a sufli- 
cient fusion, or perfect cupellation, might de- 
cide the question; at least, these operations 
appear to have, in fact, deprived it of every 
magnetic virtue, by separating it from alk 
forcign bodies; but the last observation proves, 
in an incontrovertible manner, that this mag- 
netic property was, in reality, only weaken- 
ed, and perhaps masked or buricd, since it re: 

appeared when it was ground.” 

From thése experiments of M. de Merveau 
there results, 1. That we may expeci (to meet 

platine 
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platina wifhioiit addition, by applying the 
fire of it several times successively, because the 
best crucibles might not resist the action of so 
fierce a fire during the whole time that the 
complete operation would require. 

2. That by melting it with lead, and assay- 
ing them several times, we should in the end 
vitrify all the lead and the piatina; and that 
ihis experiment would be able to purge it 
from a part of the foreign matters it contains. 

3. That by melting without any addition, 
it seems to purge itself partly into the vitres- 
cible matters it includes, since it emits to. its 
surface small drops of glass, which form pretty 
considerable masses, and which we can easily 
separate after refrigeration. 

4, That by making experiments on Prussian 
bluewith the grains of platina, which appeared 
to be most insensible to the loadstone, we were 
not always certain of obtaining it; a circum- 
stance which never fails with grains that have 
more or less sensibility, to magnetism. 

5. It appears that neither fusion nor cupella. 
tion can destroy all the iron with which platina 

is intimately penetrated; the pieces melted or 
_assayed, appeared, in reality equally insensible 
to the action of the loadstone; but having 
pounded themina mortar, we found magnetical 
| parts ; 
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paris ; so much the more abundant as the pla- - 


tina was reduted io a fine powder. The first 
piece, whose grains were ouly agglutinated, 
being ground, rendered many more magnetical 
parts than the second and third, the grains of 
which bad undergone a stronger fusions; but, 
nevertheless, being both ground, they furnished 
magnetical parts; insomuch that it cannot be 
doubted that there is irom in platina, after it 
has undergone the fiercest efforts of fire, and 
‘the devouring actions of the heat in the cupel. 
his demanstrates, that this mineral is really 
an intimate mixture of gold ard iren, which 
hitherto has not been able to separate. 

6. I made another observation with M. Mors 
veau on melted, and afterwards on ground 
platina; namely, that it takes ia grinding pre- 
cively the same formas it had before it had been 
melted ; allie grains of this melted and ground 


platina are similar to these of the nateral, as — 


well in form as variety of size; and they ap- 
pearto Gifler only because the smallest alone 
suffer themselves to be raised by ‘he leadstone, 
and in so much the less quantity as ihe platine 
has endured the fire. This seems alsoite prove; 
that; alhough the fire has been strong enough 
mot only to bura and vitrify, but even to drive 
fa part of the iron with other vitrescible 
“matter 
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Matter which it contains; the fusion, never- 


theless, is not so complete as that of other pere — 


fect. metals, since, in grinding, ii retakes the 
same figure as it had before fusion. 


EXPERIMENTS ON LIGHT, AND ON THE 
HEAT IT MAY PRODUCE. 


INVENTION OF MIRRORS TO BURN AT GREAT 
DISTANCES. 

THE story of the burning glasses of Archi- 
medes is famous; he is said to have inyented 
them for the defence of his country ; and he 
threw, say the ancients, the fire of the sun with 
such force on the enemy’s fleet, as to reduce 
it into ashes as it approached the ramparts of 
‘Syracuse. But this story, which, for fifteen or 
sixteen centuries, was never doubted, hasbeen 
contradicted, and treated as fabulous in these 
Jatter ages. Descartes, with the authority of 
a master, has attacked this talent attributed to 
Archimedes; he has denied the possibility of 
the invention, and his opinion has prevailed 
Vol. x. | Ce | over 
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over the testimonies and credit of the ancients. 
Modern naturalists, éither through'a respect 
for their philosopher, or through complaisance : 
for their contemporaries, have adopted. the 
same opinion. Nothing is allowed to the an- 
cients but what cannot be avoided. Deter- 
mined, perliaps, by these motives, of which 
self-love too often is the’ abettor, have we not 
naturally too much inclination to refuse what 
is due to our predecessors? and if, in our 
time, more is refused than was in any other, 
is it not that, by being more enlightened, we 
think we have more right to fame, and more 
pretensions to superiority ? 

Be that as it may, this invention was ‘the 
cause of many other discoverics of antiquity 
which are at present unknown, because the 
facility of denying them has been preferred ! to 
the trouble of finding them out ; and the 
burning glasses of Archimedes have been | SG 
decried, that it does not appear possible to re- 
establish their reputation ; for, to call the 
the judgment of Descartes in question, some- 
thing more is required than assertions, and there 
only remained one sure decisive mode, but at 
ihe same time difficult and bold, which was 
to undertake to discover glasses that might 
produce the like effects. — 


Though 
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“Though I had conceived the idea, I was for 
à long time deterred from making the experi- 
‘ment, from the dread of the difficulty which 
might attend it; at length, however, I deter- 
mined to search after the mode of making 
mirrors to burn at a great distance, as from 100 
to300 feet. I knew, in general, that the power 
of reflecting mirrors, never extended farther 
than 15 or 29 feet, and with refringent, the dis- 
tance was still shorter: and I perceived it 
was impossible in practice to forma metal, or 
glass mirror, with such exactness as to burnat 
these great distances. To have sufficient pow- 
er for that, the sphere, for example, must be 
800 feet diameter ; therefore, we could hope 
for nothing of that kind in the commen mode 
of working glasses; and I perceived also that 
if we could even find a new method to give to 
large pieces of glass, or metal, a curve sufli- 
ciently slight, there would still result but a 
very inconsiderable advantage. | 
: But to preceed regularly, it was necessary 
first to see how much light the sun loses by re- 
flection at different distances, and what are 
the matters which reflect it the strongest; I 
first found, that glasses when they are polished 
with care, reflect the light more powerfully 
. than the best polished metals, and even bet- 
47 | ter 
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ter than tha compounded metal with which 


telescope mirrors are made; and thatalthough | 


there are two reflectors in the glasses, they 
yet give a brighter and more clear light, than 
metal. Secondly, by receiving the light of 
the sun in a dark place, and by comparing it 


with this ight of the sun reflected by a glass, E - 


found, that at small distances, as four or five 


feet, it only lost about half by reflection, 


which [judged by letting a second reflected 


light fall onthe first; for the briskness of these ; 


two refiecied lights appeared to be equal to 


that of direct light. Thirdly, having received 
at the distances of 100, 200, and 300 feet, this — 


light reflected by great glasses, I perceived 
that it did not lese any of its strength by 
the thickness of the air it. had to pee 
through, 

I afterwards tried the same Rene on 
thelightof candles; and to assure myself more 
exactly of the quantity of weakness that re: 
flection causes to this light, I made the fear 
‘ing experiments; : ! 

I seated myself oppoite a abs mirror. with 
a bookin my hand, in a room wherethe dark- 
ness of the night would not permit me to dis: 
tinguish a single chject. In an adjoining room 
I had a lighted candle placed at about 40 feet 


distance ; 


+ 
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distance; this Lapproached nearer and neater, 
till I could read the book, when the distance 
was about 24 feet. Afterwards turning the 
book, I endeavoured to read: by the reflected 
light, haying by a parchment intercepted the 
part of the light which did not fall on the 
mirror, in order to bave only the reflected 
light on my book. To do so I was obliged to 
approach the candle nearer, which I did by 
degrees, till I could read the same characters 
clearly by the same light, and then the distance 
from the candle, comprehending that of the 
book to ihe mirror, which was only half a 
foot, | found to be in all 15 feet. I repeated , 
this several times, and had always nearly the 
same resulis; from whence I concluded, that 
the strength, or quantity, of direct light is to 
that of reflected light, as 575 to 225; there- 
fore, the light of five caudles reflected by a 

flat glass, is nearly equal to that of the digect 
dight of two. | Res 
- The light of a candle, therefore, loses more 
by reflection than by the light of the sun; and 
this difference proceeds from the rays of the 
former falling more obliquely on the mirror 
' than the rays of the sun, which come alinost 
parallel. This experiment confirmed what f 
had af first found, and I hold it certain, that 
Ks . ihe 
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the light. of the sun loses only half by its re- 
flection on a glass mirror. 
This first information mn NE Taf- 


tcrwards sought what became of the images of © 


thesun when received at great distances: To be 
perfectly understood we must not,asis generally 
done, consider the rays of the sun’as parallel; 
and it must also be remembered, that the 


body of the sun. occupies an cxtent of about | 


52 minutes; that consequently the rays 


which issue from the upper edge of the disk, : 


falling on a point of a reflecting surface, the 


rays which issue from the. lower edge falling 


. also on the same point of this surface, they 
form between them an angle of 32 minutes in 
the incidence, and afterwards in the reflection, 
and that, consequently, the image must in- 
crease in size in proportion as it is farther dis- 
tant. Attention must likewise be paid to. the 
figure of those images ; for example, a plain 


square glass of half a foot, exposed to the rays 


of the sun, will form a square image of six 
inches, when this image is received at the dis- 
tance of a few feet; by removing farther and 
farther of, the image is seen to increase, after- 
wards to become deformed, then round, in 
which state it remains still increasing-in size, 
in proportion as we are more distant from the 
mirror. This image is composed of as many 


of 
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‘of the sun’s disks as there are physical points 
in the reflecting surface; the middle, point 
forms an image of the disk, the adjoining points 
. form the like, and of the same. size, which ex- 
ceed a little'the middle disk: it is the same 
* with the other points, and the image is com- 
posed ofan infinity ofdisks, which surmount- 
‘ing regularly, and anticipating circularly one 
over | the other, form the reflected image, of 
which the middle point of the glass is the cen- 
{res | | 
If the i image Beds of all these disks is 
received at a small distance, then their extent 
being somewnat larger than that of the glass, 
this image.is of the same figure and nearly of 
the same .extent as the glass ; but when the 
image is received.at a great distance from the 
glass, where the extent of the disks is much 
- greater than that of the glass, the image no, 
longer retains the same figure as the glass, but 
becomes neeessatily circular. : To find the 
point of. distance where the image loses its 
square figure, we have only to seek for the dis- 
tance where the glass appears under an angle 


equal to that the sun forms to our sight, i. e. 


an angle of 32 minutes, and'this distance will 
be that where the image will lose its square 
figure, and become round, for the disks having 
always 
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always an equal line to the semi-circle, which 
measures an angle of 32 minutes for a diame- 
ter, we shall find by this rule that a square 
‘glass of six inches loses its square figure at the | 
distance of about 60 feet, and that a glass of 
a foot square loses it at 120 a and so on of 
“the rest. 

By reflecting a little on this theory we , shall 
no longer be astonished to find, that at very 
great distances a large and sina glass afford 
an image of nearly the same size, and which 
only differs by the intensity of the light ; we 
‘shall no longer be surprised that a round, 

square, long, or triangular glass, or any shiek 
figure, always yields round images* ; and we 
shall evidently see that images do not increase 
and lessen by the dispersion of light, or by 
‘any loss in passing through the air, as some 
naturalists have imagined ; but that, on the 
contrary, it is occasioned by the augmentation 
ofthe disks, which always occupy a space of 52 
‘minutes to whatever distance they are removed. 

So, likewise, we shall be convinced, by 
the simple exposition of this theory, that 
curves, of any kind, cannot be used with ad- 

vantage 

* This is the Freason that the small images which pass 

betwixt the leaves of high and full trees, and which falling 
on the walks are all oval or round. 


NATURAL HISTORY < 201 


vañtage to burn ata great distance, becausethe 
diameter ofthe focus can never besmaller than 
the chord, which measures an angle of 32 mi- 
nutes, and that, consequently, the most perfect 
concave mirror, whose diameter is equal to . 
this chord, will never produce double the ef: 
fect ofa plane mirror of the same surface; and 
if the diameter of a curved mirror were less 
than the chord, it would scarcely have more 
effect than a plane mirror of the same surface. 

When I had well considered the above I had 
no longer a doubt that Archimedes could not 
. burn ata distance but with plane mirrors, for, 
independently of the impossibility they then 
felt, and which we feel at ‘pleasure, of making 
concave mirrors with so large a focus, I was 

well aware that the reflection I have just made 
could not have escaped this great mathemati- 
cian. Besides, there is every reason to suppose 
that the ancients did not know how to make 
large masses of glass; that they were ignorant 
of the art of burning it to make large glasses, 
2 possessing only the method of blowing it, and 
making ‘bottles and vases; from which consi- 
deration I was led to conclude, that it was 
with plane mirrors of polished metals, and by 
the reflections of the sun, that Archimedes had 
been enabled to burn at a distance. But as I 
VOL. X. Dd perceived 
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perceived that glass mirrors reflected the:. 
light more powerfully than the most polished 
mirrors, I thought to construct a machine to 
coincide in the same point the reflected images. 
by a great number of these plane glasses, be- 
ing well convinced that this was the sole 

mode of succeeding Lo) 
Nevertheless, E had still some doubts. re- 
maining, which appeared to me well founded, 
for thus I reasoned. Supposing the burning 
distance to be 240 feet, I perceived clearly 
that the focus of my mirror could not haye a 
less than two feet diameter; in which case 
what would be the extent I should be obliged 
to give to my assemblage of plane mirrors to 
produce a fire in so great a focus? It might be 
so great that the thing would be impracticable 
in the execution, for, by comparing the dia- — 
meter of the focus to the diameter of the mir- 
ror, in the best reflecting mirrors, I observed 
that the diameter of the Academy’s mirror, 
which is three feet, was 108 times bigger than 
its focus, which was no more than four lines ; 
and I concluded, that to burn as strong at 
240 fcot it was necessary that my assemblage 
of mirrors should be 216 feet diameter tohavea 
focus of two feet; now a mirror of 216 feet 

diaineter was certain! y an impossible thing. 
This 
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This mirror of three fect diameter burnt 
Strong enough to melt gold, and1 was desirou 
to see how much I should gain by reducing 
its action to the burning of wood. For this 
* purpose [used circular zones of paper on the 
mirrors to diminish the diameter, and I found — 
that there was no longer power enough to ins. 
flame dry wood when its diameter was reduced 
to little more than four inches ; therefore, tak- 
ing five inches, or sixty lines, for the diameter 
mecessary to burn with a focus of four lines, 
it appeared, that to burn equally at 210 feet, 
where the focus should necessarily have two 
. feet diameter, 1 should require a mirror of 30 
_ feet diameter, which appeared still as impossi- 
ble, or at least im practicable. 

To such positive conclusions, and which 
others would have regarded as demonstrations 
of the impossibility of the mirror, [had only a 
supposition to oppose; but an old supposi- 
tion, on which the more I reflected the more I 
was persuaded that it was not without founda- 
tion; namely, that the effects of heat might 
possibly not be in proportion to the quantity 
of light, or, what amounts to the same, that 
at an equal intensity of light large focuses 
must burn brisker than the small. 

By estimating heat mathematically, it is not 

¢ to 
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- to be doubted but that the power of a focus of 
the same length is in proportion to the surface 
of the mirror. A mirror whose surface is dou- 
ble that of another, must haye the same sized 
focus, and_ this focus must contain double the 
quantity of iight which the first contained ; 
and in the supposition, that effects are always 
in proportion to their causes, it might be pre- 
sumed that the heat of this second focus should 
be double that of the first. 

So likewise, and by the same mathematical 
estimation, it has always been thought, that at 
an equal intensity of light, a small focus ought 
to burn as much as a large one, and that the 
effect of the heat ought to be in proportion to 
this intensity of light: insomuch (says Des- 
cartes) that glasses, or extremely small mirrors, 
may be made, which will burn with as much vio-- 
lence as the large. I at first thought that this 
conclusion, drawn from mathematical theory, 
might be found false in pract ice, because heat | 
being a physical quality, of the action and 
propagation of which we know not the laws, 
it seemed. to me, that there was some kind of © 
temerity in thus estimating its effects by a sim- 
ple speculation. | 

I had, therefore, once more, recourse to | 
experiments. I took metal mirrors of differs ! 
+ | ae ent 
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ent focuses and different degrees of polish, and 
by comparing the different actions on the 
same fusible or combustible matters, I found, 
that at an equal intensity of light, large focuses 

constantly have more effect than small, and I 

discovered the same io be the case with refract- 

ing mirrors. a 

It is easy to assign the reason of this differ- 

ence, if we consider that heat communicates 
nearer and nearer, and disperses, if I may 

so speak, when it is even applied on the same 
point: for example, if we let the focus cf a 
burning glass fall on the centre of a crown 
piece, and that this focus was only a line in 
diameter, the heat produced on the centre 

disperses and extends over and throughout the 

whole piece: thus al] the heat, although used 

at first to the centre of the crown, does not stop 
there, and consequently cannot produce so 
great an effectasifit did, Butif, instead of 
a focus of aline which falls upon the centre of 
the crown, we let fall a focus of equal intensity 
on the whole crown, every part being alike 
heated, then instead of experiencing the less 

heat, it acquires a: augmentation ; for the 

middle profiting of the heat with the other 

points which surround it, the crown piece 


will 
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will be melted in this latter case, whïle in the 
first, it will only be slightly heated. 

After these experiments and reflections, I 
began to entertain sanguine hopes of making 
mirrors to burn at a great distance; for I no 
longer dreaded as before, the great extent of 
the focus; I was persuaded, on the contrary, 
that a focus of a considerable breadth, as two 
fect, and which in the intensity of the light 
would not’ be near so great as in a “aan 
focus of four lines, m might, nevertheless, pro- 
duce inflammation, and with more power; 
and that, consequently, this mirror, which, 
by mathematical theory, ought to have at 
Teast thirty feet diameter, would be reduced 
to one of eight or ten feet at most, which was 
not only a possible, but even a very CE 
ble thing. — 

I then thought seriously of dti my 
project: I had at first a design of trying to 
burn at £00 or 300 fect distance with circular 
or hexagonal glasses ofa square foot in surface, 
and I was desirous of having four iron car- 
riages for them, with screws to each to move 
them, and a spring to adjust them; but the 
considerable expense that this required made 
me quit that idea, and I took two common 
glasses of six inches by eight, and a wooden 

adjustment, 
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adjustment, which, in fact, was less solid and 
precise, but the expence was more consistent 
with a mere experiment: the mechanism of 
which was executed by M. Passement. 

It is sufficient to say, that it was at first 
composed of 168 glasses of six inches by 
eight each, about four lines distant from 
each other; these glasses moved in all direc- © 
tions, and the four lines of space between them 
not only served for the freedom of this motion, 
but also to let the operator see the place where 
he was to conduct his images. By means of. 
_ this construction, 168 images could be thrown 
on one point, and, consequently, burn at se- 


_ yeral distances, as at 20, 30, and to 150 feet. 


_ By increasing the size of the mirror, or by 
making other mirrors like the first, we are cer- 
tain of throwing fire to still greater distances, 
or to increase as much as we please the force 
or activity of those first distances. 

It is only to be observed, that the motion 
here spoken of is not very easy to be executed, 
and that aiso there is a very great choice to he 
made inthe glasses ; for they arenotall equally 
good, though they appear so at the first in- 
.spection. I was obliged to pick out of more 
than 500 the 168 I made use of. The method 
of trying them is to receive at 150 fect distance 
the reflected image of the sun, as a vertical 
plane ; 
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te we must select those which give a round’ 
and terminated image, and reject those,’ 


whose thicknesses being unequal in different 
parts, or the surface a little concave or con- 
vex, have images badly terminated, double, 


treble, oblong, &c. according to the diffrent 


defects found in the glasses. 


By the first experiment which I made the 


23d of March, 1747, at noon, I set fire to a 
plank of fir at 66 feet distance, with 40 glasses 
only, about a quarter of the mirror. It must 
be observed that not being yet mounted, it was 
very disadvantageously placed, forming an 
angle with the sun of twenty degrees declina- 
tion, and another of more than ten, degrees i ae 
clination. 

= Thesame day I set fire to a pitchy and sul- 
phureous plank at 126 feet distance, with 
cighty-eight glasses, the mirror being still 
placed disadvantageously. It is well known, 
that toburn with the greatest advantage the 
mirror should be directly opposed to the sun, 
as wel! as the matters to be inflamed; so that, 
by supposing a perpendicular plane on the 
plane of the mirror, it must pass by the sun, 


and, at the same time, through the midst of 


combustible matters. 
The 3d cf April, at four o clock in a the af- 
{ernoon, the mirror being mounted, produced 
a slight 


Ok 
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a slight inflammation on à plank covered with — 
pitch at 138 feet distance, although the sün 
Was weak and the light pale. Great care 
must be taken, when we approach the spot 
where the combustible matters are, not to 
look ‘on the mirror ; for if, unfortinatély, tlie 
eyes should meet the focus, inevitable blinds 
tiess will ensuc. | 

The 4th of April, at cleven in the morning, 
although the sunappeared watery, and the sky 
. cloudy, yet it produced, with 154 glasses, so 
considerable a heat at 158 feet, that in less thai 
two minutes it madea deal plink smoke, 
and which would certainly have flawed, if the 
sun had not suddenly disappeared. 

The ensuing day, the 5th of April, at three 
o’clock in the afternoon, we set fire, ina niinute 
and a halfjat 150 feet distance, to a plank su!« 
phured and mixed with cow!s, with 154 glasses. 
When the sun is powerful, only a few seconds 
is required to produce inflammation. 

The 10th of April in the afternoon, the sun 
being bright, we sct fire to a fir nia at 150 
feet distance, with only 128 glasses: the in- : 
flammation was very sudden, and made in all 
the extent of the focus, which was about stx- 
teen inches diameter at this distance. À 

The same day, at half past two o clock, we 
ilirew the fire on another plank, partly pitched 
VOL. X. de #n 
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and covered with sulphur in some places :the 
inflammation was made very suddenly; it be- 
gan by the parts of the wood which were un- 


covered, and the fire was so violent, that the 


plank was obliged to be dipt in water to ex- 
‘tinguish it: there were 148 glasses at 150 feet 
distance. 
The eleventh of April, the focus being only 
20 feet distant from the mirror, it only required 
12 glasses to inflame small combustible matters 7? 
with 21 glasses we set fire to another plank 
which had already been partly burnt; with 


AS glasses we melted a block of tin of 6lb.. 
weight ; and with 117 glasses we melted thin. 


pieces of silver, and reddened. an iron plate ; 


and [am also persuaded, that by. using allthe — 
glasses of the mirror we should have been en-. 
abled to-have melted metals at 50 feet dis-. 
tance ; and as the focus at this distance was. 
six or seven inches broad, we should be able to. 
make trials on all metals, which it was not: 


possible to do with common mirrors, whose 
focus is either very weak or 100 times smaller 
than that of mine. I have remarked,fthat me- 
tals, and especially silver, smoke much before 
they melt ; the smoke was so striking that it 


shaded the ground, and it was there I looked 


on it attentively, for it is not possible tolook a 
moment on the focus when it falls on the me- 


tal, 


eM tee ae” ae 


NATURAL HISTO RY. Q11 


fal, the lustre being much more ed azziing than 

- that of the sun. 
The experiments which [ have here related, 
‘and'which were made immediately after the 
invention of the mirrors, have been followed 
by a great number of others, which confirm 
them. T have set fire to wood'at 210 feet dis- 
tance with this mirror, by the sunin summer ; 
and Tam certain, that with four similar ire 
rors [ côuld burn at 400 feet, and, perhaps, 
_at a greater distance. I have likewise,melt- 
ed all metals, and metallic minerals, at 25, 
30, and 40 feet. We shall find, in the coutse 
of this article, the uses to which these mirrors 
can be applied, and the limits that must be 
assigned lo their power for calcination, com- 
bustion, fusion, &c.* . | 
This mirror burns according to the different 
inclination given it, and what gave it this ad- 
“vantage over the common reflecting mirrors 
was that its focus was very distant, and had 
so little curvature, that it was almost imper- 
ceptible: it was seven feet broad by eight 
feet high, which makes about the 150:h part 
of the circumference of the sphere, when we 

burn at 150 feet distance. 

The 


* It requires about half an hour to mount the mirror and 
_ to make all the images fall on the same point ; but when 
this is once adjusted, it may be used at all times by simply 
drawing a curtain. 
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The reason that determined me to prefer 
glasses of six inches broad by eight inches 
high to square glasses of six or eight inches, 
was, that it is much more commodious ta 
make experiments upon a horizontal and level 
ground than otherwise, and that with this fir 
gure,the height of which exceeded the breadth, 
the images were rounder ; whereas with square 
glasses they would be shortened, especially at 
small distances, in a horizontal situation. 

This discovery furnishes us with many useful 
hints for physic, and perhaps for the arts. We 
Know that what renders common reflecting 
mirrors most uscless for experiments is, that 
they burn almost always upwards, and that we 
are greatly embarrassed to find means to suse 
pend or support to their focus matters to be 


melted or culcined. By means of my mirrorwe 


burnconcave mirrors downwards, and with so 
great an advantage that we have what degree 
of heat-we. please; for example, by opposing 
to my mirror a concave one of a foot square in 
the surface, the heat produced to this last mir. 
ror, by using 154 glasses only, will be upwards 
of 12 times greater than that generally pro- 


duced, and the cfiect will be the same as if 12) 


suns existed instead of one, or rather as if the 
sun had 12 times more heat. Fate | 
Secondly, 
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Secondly, By means of my mirror we shall 
have the true scale of the augmentation of heat, 
and make a real thermometer, whose divisions 
will be no longer arbitrary, from the tempera 
ture of the air to what degree of heat we chuse, 
by letting fall, successively, the images of the 
sun ene on the other, and by graduating the 
intervals, whether by means of an expansive 
liquor, or a machine of dilatation, and from 
that we shall know, in fact, what a double, 
treble,quadruple, &c. augmentation of heat is, 
and shallfind out matters whose expansion, or 
other effects, wiil be the most suitable to mea- 

-sure the augmentations of heat. 

Thirdly, We shall exactly know how many 
timés is required for the heat of the sun to 
burn, melt, or calcine different matters, which 
was hitherto only known ina vague and very 
indefinite manner; and shall be ina state to 
make precise comparisons of the activi!y ofour 
fires with that ofthe sun, and have exact rela- 
tions and fixed and invariable measures. In- 
short, those who examine my theory, and shall 
have seen the effect of my mirror, I think will 
be convinced the mode I have used was the 
only one possible to succeed to burn far off, 
fer, independant of the physical dificulty of 


making 
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making large concave, spherical, parybolical 
mirrors, or of any other curvature whatsoever, 


regular enough to burn at 150 feet distance; 


we shall easily be convinced that they would 
not produce but nearly as much effect as mine, 
because the focus would be almost as: broad 5 
that besides, these curved’ mirrors, ‘if even it 
should be possible to make them, would have 
the very great disadvantage to burn only at a 
nigh distance, whereas mine burns at all dis- 
tanees ; and, consequently, we shall abandon 
the scheme of making mirrors to burn at à 
great distance by means of curves, which has 
usclessly employed a great number of mathe« 
maticians and artists, who were always de- 
ecived,because they considered the rays of the 
sun as parallel, whereas they should be consi« 


dered as they are, namely, as forming angles of 


all sizes, from 0 to 32 minutes, which makes 


it impossible, whatsoever curve is given to a | 


mirror, to render the diameter of the focus! 
smaller than the chord, which measures 82 


minutes. Thus, even if we could make a: 


concave mirror to burn at a great distance ; 
for example, at 150 feet, by en:ploying all its 
points on a sphere of 600 feet diameter, and 
hy employing an uncommon mass of glass or 

: metal, 
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metal, it is evident that weshall havea little 
more advantage than by using, as I have done, 
only small plane mirrors. | 
On the whole, although this mirror is sus- 
ceptible of a very great perfection, both for 
the adjustment, and many other particulars, 
- and though I think I shall be able to make 
another, whose effects will be superior, yet, as 
every thing has its limits, it must not be ex- 
pected that every one can be formed ‘to bura 
at extreme distances ; to burn, for example, 
at the distance of halfa mile, a mirror 200 
times larger would be required ; and I am of 
opinion that more will never be effected than 
to burn at the distance of 8 or 900 feet. The 
focus, whose motion is always correspondent 
to that of the sun, moves somuchthe quicker 
as it is farther distant from the mirror ; and at 
90 feet it would move about six fect a minute. 
However, as I have given an account of my 
- discovery, and the success of my experiments, 
I should render to Archimedes, and the an- 
cients, the glory that is their due. It is certain» 
that Archimedes could perform with metal 
mirrors what I have done with glass, and that, 
consequently, I cannot refuse him the title of 
the first inventor of these mirrors, and the op- 
portunity he had of using them rendered him, 
i without 
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without doubt, more celebrated ian the merit , 
of the thing itself. 

Many advantages may be derived from the’ 
use of these mirrors; by an assemblage of 
small mirrors, with hexagonal planes, and po- 
lished steel, which will have more solidity than. 
glasses, and which would not be subject to the 
alterations which the light of the sun may 
cause, we may produce very ‘useful effects, 
and which would amply repay the expences 
of the construction of the mirror. : 

‘¢ For all evaporations of salé waters, where 
great quantities of wood and coalare consumed, 
or structures raised for the purpose of carrying 
the waters off, which cost more than the con- 
struction of many mirrors, such as I mention ; 
- for the evaporation of salt waters, only an as- 
semblage of twelve plane mirrors of a square | 
foot each is necessary. The heat reflected by 
their focuses, although directed below their — 
level, and at fifteen or sixteen feet distance, will 
be still great enough to boil water, and conse- | 
qnently produce a quick evaporation : for the 
heat of boiling water is only treble the heat of 
the sun in summer; and as the reflection of 4 à 
well polished planesurface onty diminishesthe _ 
heat one half, only six mirrors are required to _ 
sbi at the focus a heat equal to boiling 

waters ” 
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‘water ; but I shall double the number to make 
the heat communicate quicker; and likewise by 
reason of the loss occasioned by the obliquity, 
under which the light falls on the surface of the 
water to be evaporated, and because salt water 
heats slower than fresh. This mirror, whose 
assemblage would form only a square four feet 
broad by three high, would be easy to be 
managed ; and if it were required to double or 
treble the effects in the same time, it would be 
_ better to make so many similar mirrors, than 
to augment the scale of them ; for water can 
only receive a certain quantity of heat, and we 
should not gain any thing by increasing this 
degree; whereas, by making two focuses with 
+ twoequal mirrors, we should double the effect 
_ of the evaporation, and treble it by three mir- 
rors, whose focuses would fall separately one 
_ from the other on the surface of the water to 
_ beevaporated. We cannot avoid the loss caus« 


ed by the obliquity ; nor can it be remedied 


but by suffering a still greater, that is, by re- 
ceiving the rays of the sun on a large glass, 
which would reflect them broken onthe mirror; 
for then it would burn at bottom instead of the 
top, but it would lose half the ‘heat by the first 
reflection, and half of the remainder by the 
second ; sothat instead of six small mirrors, it 
| VOL. x. F f | would 
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would 1 require a dozen to obtain a heat equal’ 
to boiling water. For the evaporation to be 
made with more success, we ought to diminish 
ihe thickness of the water as much as possible ; ; 
a mass. of water a foot deep will not evas 
porate. nearly so quick as the same mass re- 
duced to six inches, and increased to double the 
superfices. Besides, the bottom being n nearer 
the surface, it heats quicker, and. this heat, 
which the bottom of the vessel receives, con- 
tributes still more to the celerity of the eva- 
poration. 

2, These mirrors may be used with Tit een 
tage to calcine plaisters, and even calcareous 
stones, but they would require tobe larger, and 
ihe matters placed i inanelevated situation, that 
nothing might be lost by the obliquity of the 
light. It has already been observed that à &yp- 
sum heats as soonagain as soft calcareous stone, 
and nearly twice as quick as marble, or “hard 
calcareous stone ; their calcinations therefore, 
must be in a respective ratio. I have found 
by an experiment repeated three times, that 
very little more heat is required to calcine 
white gypsum, called alabaster, than to melt 4 
lead. Now the heat necessary to melt lead i 15,4 
according to the experiments of Newton, eight À 
times stronger than the heat of the | summer: i 
sun ; it therefore would require at least s six= | 

teen { 
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seen small mirrors to calcine gypsum ; and 
because of the losses thereby occasioned, as 
well by the obliquity of the light as by the 
inequality of the focus, which i is not removed 
above fifteen fect, I presume it would require 
twenty ay and pechaps twenty-f -four mirrors of a 
foot square each, to calcine gy psum ina short 
time, consequent! y it would require an assem- 
: blage of forty-cight small mirrors to calcine 
the softest calcareous stone, and seventy-two 
of a foot square to calcine, hard calcareous 
stones. Nowa mirror twelve feet broad by 
six feet high, would be a large and cumber- 
some Trace yet we might conquer these 
difficulties if the product of the calcination 
qwere considerable enough to surpass the ex- 
pense of the consumption of wood. Toas- 
certain this, we ought to begin by calcining 
plaister with a mirror of twenty-four pieces, 
and if that succeeded, to make two other si- 
| milar mirrors, instead of making a large one 
of seventy- -two pieces ; for by ‘hen tae the 
focuses of these three mirrors of twenty-four 
pieces, we should produce an equal heat, 
strong enough to calcine marble or hard stone. 
. Bata very essential matter remains doubtful, 
that is, to know how much time would be re- 
quisite, for example, to calcine a cubical foot 
of matter, especially if bhp foot were struck — 
| with 
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with the heat only in one part. Some time 
would pass before the heat penetrated its thicke 
ness; during this time, a great part of the 
heat would: be lost, and which would issue 
from this piece of matter after it had entered 
it. I fear, therefore, much that the stone not 
being touched by the heat on every side at 


once, the calcination would be slower, and the 3 


produce less. Experience alone can decide 
this, but it would be at least necessary to at- 
tempt it on gypsous matters, whose calcina- 
tion isas quick again as calcareous stone. 

By concentrating this heat of the sun in a 
kiln, which has no‘other opening than what 
admits the light, a great part of the heat 


‘would be prevented from flying off, and by. 


‘mixing ‘with calcareous stone a small quan- 
tity of chal dust, which is the cheapest of all 
combustible matters, this slight supply of food 
“would suffice to feed and augment the quan- 
tity of heat, which would produce a more 


“ample and quick Cet ee and at very little | 


expense. 


3. These mirrors of Archimedes might be, | 
‘in fact, used to set fire to the sails of vessels, M 
‘and even to pitched wood at more than 150 « 
feet distance; they might also be used against 
the enemy, by burning the grain and other | 
3 poe of the earth ; this effect would be : 


1 


no 
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no less: sudden than does but we will 
not dwell on the means of doing mischief, 
conceiving it to be more our duty to think on 
those which may do some real service to man- 
kind. 
A. These mirrors furnish the sole means of 
exactly measuring heat. Itis evident that two 
mirrors, whose luminous images unite, produce 
double heat in all the points of their snrfaces, 
that three, four, five, or more mirrors, will . 
also givea treble, quadruple, quintuple, &c. 
heat, and that, consequently, by this mode we 
can make a thermometer whose divisions will 
not be too arbitrary, and the scales different, 
like those of the present thermometers. ‘The 
only arbitrary thing which would enter into 
the composition of the thermometer, would be 
the supposition of the total number of the parts 
‘of the quicksilver by quitting the degree of 
absolute cold; but by taking it to 10000 be- 
low the congelation of water, instead of 1000, 
asin our common thermometers, we should 
approach greatly towards reality, especially 
by chusing the coldest day in winter to mark 
the thermometers, for then every image of the 
sun would give it a degrec of heat above the 
temperature of ice. ‘The point to which the 
- mercury rises by the first image of the sun, 
would be marked I, and so on to the highest, 


which 
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= 


which might be extended to 36 degrees. - At 
this degree we should haye an augmentation of 
heat, thirty-six times greater than that of the 
first, eighteen times greater ! than that of | the 
second, twelve times greater ans that of the 
third, nine times greater than that of the 
fourth, and so on; this augmentation of thirty- 
six of heat above that of ice would be sufficient 
to melt lead; and there is every appearance | 
to think that mercury, which yolatilizes by a 
much less heat, would by. lis vapour break the 
thermometer. We cannot therefore, at ‘mos! 
extend the division farther than twelve, and 
perhaps not farther than nine degrees, if mer- | 
cury be used for these thermometers, and by 
these means we shall have only nine degrees of 
the augmentation of heat. This i is one of the 
reasons which induced Newton to make use of 
linseed oil instead of quicksilver; and, in fact, 
by making use of this liquor, we can extend 
the division not only to twelve degrees, | but as ° 
far-as to make this oil boil. I do not pro- 
pose spirits of wine, because {hat liquor de- 
composes in a very short time, and cannot be ¥ 
used for experiments of a strong heat. CHR. 


When 


* Many travellers have told and written to me, that Reau~ 
_mur’s thermometers of spirit of wine, became quite useless 
to. them, because this liquid lost its colour, and became 
charged with a sort of mud in a very short time. 
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When on the scale of these thermometers 
filled with oil or mercury, the first divisions 
8 2, 3, 4, &c. are marked to indicate the 
double, treble, quadruple, &c. augmentations 
. of heat, we must search after the aliquot parts 
ofeach division ; for example, of the point 17, | 
or, 31, &c. or 14, 21, 34, &c. and 12, 93,3 $3, 
and which will be obtained in an easy manner, 
by covering the 3 rs 2) or 2, of the superfices of 
one of those small mirrors ; for then the i she 
which it reflects, will contain only the £,1,0r2, 
of the heat which the whole image will con- 
tain, and, consequently, the division of the 
aliquot parts will be as exact as those of the 
whole numbers. 

If once we succeed in this real thermometer, 
which I call real, because it actually marks 
the proportion of the heat, every other thermo- 
meter whose scale is arbitrary and different, 
ill become not only superfluous, but even 
inimical, in many cases, to the precision of na- 
tural truths sought after by these means. 

5. By means of three mirrors we may easily 
collect i in their entire purity, the volatile parts 

of gold , silver, and other metals and minerals; F 
for, by exposing to the large focus of those 
mirrors a large piece of metal, as a dish, or 
silver plate, we shall sce smoke issue ee it 

in 
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in great abundance, and for a considerable 
time, till the metal is in fusion; and by giving 
only a smaller heat than what fusion requires, 
we shall evaporate the metal so as to diminish 
the weight considerably. 

Ï am certain of this circumstance, which 
also elucidates the intimate composition of 
metals. I was desirous of collecting this plen- 
tiful vapour, which the pure fire of the sun 
causes to issue from metal, but I had not the 
necessary instruments, and I can only recom- 
mend to chemists and naturalists to follow this | 
important experiment, the results of which 
would be as much less equivocal as the metallic 
vapour is pure; whereas, in all like operations 
made with common fire, the metallic vapour is. 
necessarily mixed with other vapours proceed 
ing from combustible matters, which serve for 
food to this fire. 

Besides, this means is the only o1 one we bave 
to volatilize fixed metals, such as gold and sil- 
ver; for I presume that this vapour, which I 
have seen rise in such great quantities from 
these fixed metals, heated in the large focus of 
my mirror, is neither of water, nor of any 
other liquor, but of the parts even of the mes 
tal which the heat detaches by yolatilizing 
them. By recciving these vapours of different 

metals, 
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metals, and thus mixing them together, more 
intimateand pure alloys would be made than 
ean be by fusion, and the mixture of these me- 
tals when melted, which never perfectly unites 
on account of the inequality of their specific 
wéight, and many other circumstances which 
dre opposed to theintimate and perfect equality 
of the mixture. As the constituent parts of 
the metallic vapours are in a much greater 
state of division than fasion, they would join 
and unite closer arid more readily. ’ In short, 
we should attain the knowledge of a general 
fact by this mode, and which, for many rea- 
sons, I have along time suspecied, that there is 
penetration in all alloys made in this manner, 
and that their specific weight would be always 
greater than the sum of the specific weights of 
the matters of which they are composed: for 
penetration is only a greater deégtce of inti- 
tacy ; every thing equal in other respects will 
be so much the greater as matters will be ina 
more perfect state of division. 

By reflecting on the vessels used to receive 
and collect these metallic vapours, I was 
struck with an idea, which appeared to me to 
be of too great utility not to publish; it is also 
easy enough to be realized by good able che- 
— mists ; I have even communicated it to some 

you. ks Gg of 
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of them, who appeared to be quite satisfied: 
withit. This idea is to freeze mercury in this 
climate, and with a much less degree of cold, 
than that of the experiments of Petersburgh 
or Siberia, For this purpose the vapour of 
mercury is only required to be received, and 
which is the mercury itself volatilized by a 
very moderate heat in a crucible, or vessel, to, 
_which we give a certain degree of artificial 
cold. This vapour, or this mercury, minutely. 
diyided, will offer, to the action of the cold, 
surfaces so large, and masses so small, that in- 
stead of 187 degrees of cold requisite to freeze 
mercury, possibly 18 or 20 will be sufficient, 
and perhaps even less to freeze it when-in va~ 
pour. J recommend this important experi- 
ment to all those who endeavour earnestly for 
the advancement of the sciences. 

_ To these principal uses of the mirror of 
Archimedes, I could add many other particular 
ones; but I have confined myself to those only, 
which appeared the most useful, and the least 
difficult to be put in practice; nevertheless I 
have subjoined some experiments that I made 
on thetransmission of light through transparent 
bodies, to give some new ideas on the means of 
sceing objects at a distance with the .aked eye, 
ox with a mirror, like that spoken of by the ans 

| _cients, 
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Gients, and by the effect of which vessels could 
be perceived from the port of Alexander, as 
far as the curvature of the earth would permit, 

Naturalists at present know, that there are 
three causes which prevent the light from 
uniting in a point, when its rays have passed 
the objective glass of a common mirror. The 
first is the spherical curve of this glass, which 
disperses a part of the rays in a space termi- 
nated by a curve. The second is the angle 
‘under which the object appears to the naked 
eye: for the breadth of the focus of the ob- 
jective glass has a diameter nearly equal to 
the chord of which this angle measures. The 
third is the different refrangibility ofthe light ; 
for the most ‘refrangible rays do not collect in 
ihe same place with the lesser. 

The first cause may be remedied by substi 
tuting, as Descartes has proposed, elliptical, or 
‘hyperbolical, glasses to the spherical. The 
second is to be remedied by a second glass, 
‘placed to the focus of the objective, whose 
diameter is nearly equal the breadth of this 
focus, and whose surface is worked on a sphere 
of a very shortray. The third has been found 
to be remedied, by making telescopes, called 
Acromatics, which are composed of two sorts. 
‘of glasses, which disperse the coloured rays 
| differently ; 
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differently ; so that the dispersion of the one 
is corrected by the other, without the general 
refraction, which constitutes the mirror, being 
destroyed. A telescope 33 feet long, made on 
this principle, is in effect equivalent to the old 
telescopes of 25 feet. 

But the remedy of the first cause is perfectly 
useless at this time, because the effect of the 
Jast being much more considerable, has such 
great influence on the whole effect, that nothing: 
can be gained by substituting hyperholical, or 
elli; tical glasses to spherical, and this substi- 
tution could not become advantageous, but in 
the case where the means of correcting the 
effect ofthe different refrangibility of the rays 
of light. might be found ; it seems, therefore, 
that we should do well to combine the two 
means, and to substitute, in acromatic; teles- 
copes, elliptical glasses. 3 

To render this more obvious, let us snppor? 

the object observed to be a luminons point 
without extent, as a fixed staristous. It is 
certain, that with an objective glass, for ex- 
ample, of 50 feet focus, all the images of this 
luminous point will extend in the form ofa 
curve to this focus, ifit be worked ona sphere; 
and, on the contrary, they will unite in one 
pointif this gla:s be hyperbolical; but ifthe | 

object 
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object observed have a certain extent, as the 
moon, which occupies half a degree of space 
io our eyes, then the image of this object will 
occupy a space of three inches diameter in the 
focus of the objective glass of thirty fect; and 
the aberration caused by the sphericity pro- 
ducing a confusion in any luminous point, it 
produces the same on every luminous point of 
the moon’s disk, and, consequently, wholly 
disfigures it. There would be, then, much 
disad vantage in making use of elliptical glasses 
or long telescopes, since the means have been 
found, in a great measure, to correct the effect 
produced by the different refrangibility of the 
rays of light. 
From this it follows, that if we would make 
a telescope of 30 feet, to observe the moon, 
and see it completely, the ocular glass must be 
at least three inches diameter, io collect the 
whole image which the objective glass pro 
duces to its focus ; and if we would observe this 
planet with a telescope of 60 feet, the ocular 
glass must be at least six inches diameter, be- 
cause the chord which the angle measures 
under which the moon appears to us, is, in 
this case, nearly six inches; therefore astro- 
nomers never make use of telescopes that in- 
clude the whole disk of the moon, because 
they would magnify, but very little. Bat if 
We 
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we would observe tlie planet Venus with à tes 
lescope of 60 fect, as the angle under which it 
appears to us is only 60 seconds, the dcülat 
glass can only have four lines diameter ; and 
if we make use of an objective of 120 feet, ati 
veular glass of eight lines diameter would suf 
fice to unite the whole image which the ob: 
jective forms to its focus. . 

Hence we see, that even if the rays of light 
were equally refrangible we could not maké 
such strong telescopes to see tle moon with as 
to see the other planets, and that the smaller à 
planet appears to our sight the more we can 
augment the length of the telescope, with 
which we cansee it wholly. Hence it may bé 
well conceived, that in this su pposition of the 
rays, equally refrangible, there must be a cers 
tain length more advantageously determined 
than any other for each different planet, and 
that this length of the telescope depends not 
only on the angle under which the planet aps 
pears to our sight, but also on the quantity of 
ight with which it is brightened. 

In common telescopes the rays oflightbeing — 
differently refrangible, all that could be done 
in this mode to give them perfection would be 
of very little advantage, because, that under 
whatever angle the object, or planet, appears 
to our sight, and whatever intensity of light it 

| may 
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may have, the rays will never collect in the 
same part ; the longer the telescope the more. 
interval it will have between the focus of the 
red and violet rays, and consequently the more 
confused the image ofthe object observed. . 
. Refracting telescopes, therefore, can be 
rendered perfect only by seeking for the means 
of correcting this effect of the different refran- 
gibility, either by composing telescopes of dif- 
ferent densities, or by other particular means, 
which would be different according to diferent 
objects and circumstances.. Sappose, for ex- 
- ample, a short telescope, composed of two 
glasses, one convex and the other concave; it 
is certain that this telescope might be reduced, 
to another whose two glasses would be plain 
on one side, and on the other bordering on 
spheres, whose rays would be shorter than that 
on the spheres on which the glasses of the first 
telescopes have been constructed. However, 
to avoid a great part of the effect of the dif 
ferent refrangibility of the rays, the second te- 
lescope may be made with one single piece of 
massive glass, as I had it done with two pieces 
of white glass, one of two inches and a half 
in length, and the other one inch and a 
half; but then the loss of transparency is a 
greater inconvenience than the different re- 
frangibility 
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frangibility which it corrects, for these two 
small massive telescopes of glass: are more 
ébscüre than a small common telescope of the 
same glass and dimensions ; they indeed give 
less iris, but are not better; for in massive 
glass the light, after having crossed this thick. 
hess of glass, would no longer have à suffi- 
cient force to take in the image of the object 
to our eye. So to make telescopes 10 or 29 
feet long, I find nothing but water that has | 
sufficient transparency to suffer the light to 
pass through this great thickness. By using, 
therefore, water to fill up tie intetvals be- 
tween the objective and the ocular glass, we 
should in part diminish the effect of the dif: 
ferent refranibility, because waterapproaches 
nearer to glass than ait, and if we could; by 
loading the water with different salts, give it 
the same refringent degree of power as glassy 
it is not to be doubted, that we sliould correct 
still more, by this means, thie different refran- 
sibility of the rays. A transparent liquor 
should, therefore, be used, which would have 
nearly the same refrangible power as glass, for 
then it would be certain that thetwo glasses, 
with their liquor between them, would int 
part correct the effect of the different refran- 
gibility of the rays; in the same mode as it 

; is 
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4§ cofrected in the small massive telescope 
which I speak of. 

According to the experiments of M. Bou- 
-guer, the thickness of a line of glass destroys 3 
of light, and consequently the diminution 
‘would be made in the following proportion : 

Thickiiéss, 1, 2, 3, 4, : 5, 6 lines 

Diminution, 3149-52, 288 MARS LEFSEL 

So that by the sum of ‘these six terms we 
should find, that the light which passes through 
six lines of glass would lose 193924) tliat is, 
‘about +2 of its quantity. But it must be cén- 
sidered, that M. Bouguer makes use of glasses 
which are but little transparent, since lie has 
observed, that the thickness of a line of these 
glasses destroys 3 of thelight. By the éxperi- 
ments which I have made on different kinds of 
white glass, it has appeared to me that the 
light diminishes much less. ‘These experi- 
ments are easy to be made, and are what all the 
world may repeat. | 

‘In a dark cliamber, whose walls were éBbk- 
ened. and which I made use of for optical ex- 
periments, I had a candle lighted of five to 
- the pound ; the room was very large and the 
candlethe only light in it; I then tried at what 
. distance I could read by this light, and found 
that I. read very easily at 24 feet four inches 
VOL, Xe Hh from 
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from the candle. Afterwards, having placed æ 
piece of glass, abouta line thick, before it, at 
two inches distance, I found that] still read 
very plainly at 22 feet nine inches; and sub- 
stituting to this glass another piece of two lines 
in thickness and of the same glass, I read at 
21 feet distance from the candle. Two of the 
same glasses joined one to the other, and 
placed before the candle diminished the light 
so much that] could only read at 17% feet dis- 
tance; and at length, with three glasses, I 
could only read at 15 feet. Now the light of 
a candle diminishing as the square of the dis- 
tance augments, its diminution should have 
been in the following progression, if glasses 
bad not been interposed: 2—244. 2—992 
2—2]. 2—174. 2—15, or 5924. 517-5441, 
3061. 225. Therefore the loss of the light, 
by the interposition of the glasses, is in the 
following progression: 8427. I51.- Pe 
3671. | 
From hence it may be concluded, that the 
thickness of a line of this glass diminishes only 
24, of light, or about +; that two lines dimi- 
nishes 157, not quite + and three glasses of 
two lines 327, i. e. less than 2. 
As this result is very disterdut from that of 
M. Bouguer, and as | was cautious of sus 
pecting 
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pecting the truth of his experiments, I re- 
peated mine with common glass. For long 
telescopes water alone can be used ; and it is 
still to be feared that an inconyeniency will 
subsist, from the opacity resulting from the 
quantity of liquor which fills the interval be- 
tween the two glasses. 

The longer the telescope the greater loss of 
light will ensue ; so thatit appears at first sight 
that this mode cannot be used, especially for 
long telescopes ; for following what M. Bou- 
_ guer says in his Optical Essay, on the gradation 
of light, nine feet seven inches sea-water di- 
minishes the light in a relation of I4 to 5; 
therefore these long telescopes, filled with wa- 
ter, cannot be used for observing the sun, and 
the stars would not have light enough to be 

perceived across a thickness of 20 or 30 feet of 

intermediate liquor. 
‘Nevertheless, if we consider, that by allow- 
ing only an inch, or an inch and a half, for 
the bore of an objective of 30 feet, we shall 
. very distinctly perceive the planets in the com- 
mon telescopes of this length; we may sup- 
pose that by allowing a greater diameter to the 
- objective we should augment the quantity of 
light in the ratio of the square of this diameter, 
and, consequently, if an inch before suffices to _ 
see a star distinctly, in a common telescope, 
| three 
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three inches bore would be sufficient to see it 
distinctly through a thickness of 10 feet water, 
and. that with a glass of three inches diameter. _ 
we should easily see it through a thickness of. 
20 feet water, and.so on. It appears, therefore, . 
that we might hope to meet with successin, . 
constructing a telescope on these principles ; 
for, by increasing the diameter of the objec- — 
tive, we pattly regain the light lost by the de- 
fect of the transparency of the liquor, | a 
But it appears to me certain that a telescope. hs 
constructed on this mode would be very useful. 
for observing the sun ; for supposing it even 
the. length of. 100 feet, the light of that lumi-_ 
nary would, not be too strong after having tras, 
versed this thickness of water, and. we should 
be enabled to observe its surface easily, and at 
leisure, without the need: of making. use of, 
smoked classes, or of receiving the i Image on, | 
pasteboard ; an advantage we: cannot possibly 
derive from. any other ‘telescope. 
There w ould require only some trifling igs 
ference i in the construction of this. solar, tele- 
scope, if we wanted the whole face of the sun. 
presented ; fors supposing, itthe length of 100, | 
feet, in, this case, the ocular glass must be ten. , 
inches di: imeter,; beea use the sun, taking up | 
more than halfa celestial degree, the image ; 
formed by the obj jective to its focus at 100 fret. 
will 
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will at least have. this length of ten inches; 
. and to unite it wholly, it will require an ocu- 
lar glass of this breadth, to which only twenty 
inches of focus should be given to render it as 
strong as possible. _ It is necessary that the ob- 
jective, as well as the ocular glass, should be 
ten inches in diameter, in order that the: 
image of the sun, and the mage of the bore 
of the telescope, be of an equal size with the 
focus. yeh 
If this telescope, which I propose, sliould 
only serve to observe the sun exactly, it would 
be of great service; for example, it would be . 
very curious to be able to discover whether 
there be any luminous parts larger than others 
in thesun ; if there be inequalities on its sur 
face; and of what.kind; ifthe spots float on its - 
surface; or whether they be fixed there, &c. The - 
brightness of its light prevents us from observ- 
ing this luminary with the naked eye, and the 
different refrangibility of ifs rays, renders its 
image confused’ when received in. the focus of 
an objective glass, or on pasteboard, so that the 
surface. of the sun. is less known to us than that 
of any of the planets... The different refran- 
gibility, of its rays would be but little corrected 
in. this long telescope filled: with water; but 
if the liquor could, by the addition of salis, ° 
vise vo be 
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be rendered as dense as glass, it would then be 
the same as if there were only one glass to pass 
through; and it appears to me that infinitely 
more advantage would result from making 
use of these telescopes filled with water, than 
from the common telescopes with smoked _ 
glasses. 

Whether that would or would not ‘i the 
fact, this howeveris certain, that to observe the : 


sun, a telescope quite different is required from : 


those that we make use of for the different — 
planets; and itis also certain, that a particular 
telescope is necessary for each planet, propor- 
tionate to their intensity of light, that is, to the 
real quantity of light with which they appear ~ 
to be enlighiened. In all telescopes the ob- 
jectives are required as large, and the ocular — 
glass as strong, as possible, and, at the same : 
time, the distance of the foeus preportioned to 
the intensity of the light ofeach planet. To 
do this with the greatest advantage, it is requi- 
site to use only an objective glass so much the — 
larger, anda focus so much the shorter, accord- 
‘ing to the light of the planet. Why has there 
not hitherto been made objective glasses of 243 
feet diameter ? The aberration of the rays, occa- 
sioned by the sphericity of the glasses, is the 
sole cause of the confusion, which is as the 
ad ; square 
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square of the diameter of the tube; and it is 
for this reason that spherical glasses, with a 
small bore, are ofno value when enlarged ; we 
have more light, but less distinction and clear- 
ness. Nevertheless, broad spherical glasses are 
very good for night telescopes. The English 
have constructed telescopes of this nature, and 
they make use of them very advantageously 
to see vessels at a great distance in dark nights 
But at present, that we know, ina great mea- 
sure, how to correct, the effects of the different 
refrangibility of the rays, it seems, that we 
should make elliptical or hyperbolical glasses, 
which would not produce the alteration caused 
by sphericity, and which, consequently, would 
be three or four times broader than spherical 
glasses. There is only this mode of augment- 
ing to our sight the quantity of light sent to 
us from the planets, for we cannot put an ad- 
ditional light on them, as we do on objects 
which we observe with the microscope, but 
must at least employ to the greatest possible 
advantage, the quantity of light with which 
they are illumined, by receiving it on as great 
a surface as possible. This hyperbolical tele- 
scope, which would be composed only of one 
single large objective glass, and of an ocular 
one proportionate, would require matter of the 
greatest transparency ; -and we should unite 


by 
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-by this means all the advantages possible, that 
‘is, those of the acromatic to that of the ellipti- 
cal or hyperbolical telescopes, and we should 
- profit by ail the quantity of light each planet 
‘reflects tooursight. Imay be deceived; but 
what I propose appears to be sufficiently 
‘founded to recommend i's execution to per- 
“sens zealously attached to the ad vancement vf 


- » the sciences. 


| Etes myself thus on these reveries, | 
‘some of which may one day be realized, and 
in which hope I publish them, I thought of 
the Alexandrian mirror, spoken of by some an- 
‘cient authors, and by means of which vessels 
were scen at a great distance on the sea. The 
most positive passage which 1 have met with 
is the following. | 
“ Alexandria ....in Pharo vero erat t'épéèt. 
€ lum e ferro sinico. Per quod a longe vide- 
€ bantur naves Græcorum advenientes ; sed 
<< paulo postquam Islamismusinvaluit, scilicet 
«tempore califatus Walidfil: Abdi-I-melee, 
*¢ Christiani, fraude adhibita illud deleverunt. 
# Abu-l-feda, &c. Deseriptio Ægypti.” | 
‘Having dwelt for some time on this, I 
. have thought, 1. That such a mirror was 
possible to be made. 2. That even without 
a mirror or telescope, we might by certain 
esis i 
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dispositions obtain the same effect, and see vés- — 
sels from land, as far, perhaps, asthe curvature 

of the earth would permit: We have already © 
observed that persons whose sight was very 
good, have perceived objects illumined by the : 
sun at more than 3400 times their diameter, 
and at thesame time we have remarked; that the 
intermediate light was of such great hurt to | 
that of distant objects, that by night a Iumi- 
minous object is perceived at ten, twenty, and 
‘perhaps a hundred times greater distance than 
daring the day. We know that at the bottom 
- of very deep pits, stars may be seen in the day- 
_time*; why therefore should we not ‘see ves- 
sels illumined bythe rays of the sun, by 
placing one’s self at the end of a very long 
dark gallery, situated on the sea shore, in such 
a manner as to receive no other than that of 
the distant sea, and the vessels which might be 
onit? This gallery would be only a hori- 
zontal pit, which would have the same effect 
with respect to ships as the vertical pit has 
with respect to the stars; and it appears to 
me so simple, that [ am astonished it has never 
before been thought of and tried. It seems to 
me, that by taking the time of the day for our 
VOL. X. ie observations 
__* Aristotle is, I believe, the first that ever mentioned this 
-æbservation. 
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observations when the sun should be behind 


the gallery, we might see them from the dark 
end of it ten times at least betier than in the 


open light. Now a man on horseback»is easily 


distinguished at a mile distance, when the 
rays of the sun shine on him, and by sup- 
pressing the intermediate light which sur- 
_ rounds us, and darkening our sight, we should 
see him at least ten times farther; that: is to 
say,.ten miles. Ships, therefore, being much 


larger, would be seen as far as the curvature of. 


the earth would permit, without any other in- 
strament than the naked eyezier 6225 104 1 Oo. 

But a coneave mirror, of a great diameter, 
and. of any focus, placed at the end of à long 


black tube; would have nearly the same efféct. 
as our great objective glasses of the same diay. 
méter and form would have during the night. 
and it was probably one of these concave mir-. 


rors of polished steel that was established: at 
the port of Alexandria*, . If this stee! mirror 


did really exist, we cannot refuse to the an- 


cients the glory of the first invention, for this 
mirror can only be effective by as much as the 


light a 


* From time immemorial the Chinese; and particularly 
the Japanese, have possessed the art of working in steel 
both in large and small bodies; and hence I have thought 
that the wordse ferro sinico in the preceding quotation should: 
be understood as applying to polished steel. 


~ 
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fight reflected by its surface was collected by 
‘another concave mirror placed at its. focus, 
and in this consists the essence of the telescope : 
and the merit of its construction. Neverthe- : 
less this does'‘not:deprive the great Newton of 
any glory, who first renewed the almost-forgot- 
teu invention. As the rays of light are by their 
nature differently refrangible, he was inclined 
to think there were no means of correcting this 
effect, or, if he had perceived those means, he 
_ judged them so difficultthat he chose rather-to 
turnshis views another way, and produce, by 
means of the reflection of. the rays, the great 
effects which he could not obtain by their re- 
fraction ; he, therefore, constructed his tele- 
scope, the reflection of which is infinitely su-- 
perior to those that were in common use. The 
best telescopes are always dark in comparison 
Of the acromatic, and this obscurity does not 
proceed oniy from the defect of the polish, or 
. the colour of the metal of mirrors, but.from the 
nature even of light, the rays of which being 
differently refrangible are also differently re- 
flexible, although in much less unequal degrees. 
: It still remains, therefore, to bring the tele- 
scope to perfection, and to find the manner of 
compensating this different reflexibility, as we 


have 
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have discovered that of capote the af | 
ferent refrangibility. | 
After all, I imagine that it will ray well pér- 
ceived that a very good day-glass may be made, 
without using either glasses or mirrors, and 
simply by. suppressing ihe surrounding light, » 
by means of a tube 150 or 250 feet long, and by 
placing ourselves in an obscure place. The 
brighter the day is, the greater will be the ef- 
fect. I am persuaded that we should be able , 
to see at 15, and perhaps 20 miles distance. — 
The only difference between this long tube, 
and the dark gallery, which I have spoken of,., 
is, that the field, or the space seen, would: be . 
smaller,and precisely in the ratio of the square. 
of the bore of the tube to that of the gallery 
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RU. AND EXPERIMENTS ON TREES 
AND OTHER VEGETABLES. 


THE physical study of Vegetables is one of 
those sciences which require a multiplicity of 
observations and experiments beyond the ca- 
pacity of one man, and must conséquently be 
a work of time; even the observations them- 
selves are seldom of much value till they have 
been repeatedly made, and compared in dif. 
ferent places and seasons, and by different per- 
sons of similar ideas. It was for this purpose 
that Buffon united with M. Du Hamel, to la- 
bour, in concert for the illustration of a num- 
ber of phenomena, which appeared difficult to 
explain, in the vegetable kingdom, and from 
ihe knowledge of which may result an infinity 
of useful matters in the practice of agriculture. 

© The frost is sometimes so intensé during 
winter, that it destroys almost all vegetables, 
and the scarcity in the year 1709 wasa melan- 
choly proof of its cruel effects. Seeds, and 
some kinds of trees, entirely perished, while 
others 
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others, as olives, and almostall fruit-trees, shar- 
eda milder fate, shooting forth their leaves, 
their roots not having been hurt; and many 
large trees, which were more vigorous, shot 
ferth every branch in spring, and did not ap- 
pear to have sufferedany materialinjury. We. 
shall, nevertheless, remark on the real and ir- 
reparable damage this winter occasioned them. 

Frost, which can deprive us of the most nes 
cessary articles of life, destroys many kinds of 
useful trees, and which scarcely ever leaves 
one insensible of its rigour, is certainly one of 
the most formidable misfortunes of human na- 
ture; we have therefore every reason to dread . 
intense frosts, which might reduce us to the 
last extremities if their severities were frequent ; 3 
but fortunately we can quote only two or three 
winters which have produced so great and 8e 
neral a calamity as that in 1709. 

The greatest spring frosts, although they 
damage the grain, and principally barley, 
when it is but just eared, never occasion great 
scarcities. They do not affect the trunks or 
branches of irees, but they totally destroy their 
productions, deprive us of the harvest of the 
vines and orchards, and by the suppression of 
new buds cause a . considerable damage to 


forests. À 
Altho agh 
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Although there aresome examples of winter 
frosts having reduced usto a scarcity of bread, 
and deprived us of vegetables, the damage which 
spring frosts occasion becomes still more im- 
portant, because they afflict us more frequent- 
ly, and their effects are felt almost every year. 

To. consider frost even very superficially, 
‘we must perceive that the effects produced by 
the sharp frosts. of winter are very different 
from what are occasioned by those in spring, 
since the one attacks the body and most solid 
‘parts of trees, whereas the other simply destroys - 
their productions, and opposes their growth ; 
at the same time they act under quite different 
circumstances ; and it is not always the ground 
_ qn which the winter frosts produce the greates, 
disorders, as that generally suffers most from 
those in the spring frosts. 

It was from a great number of observations 
that we have been able to make this distinction 
on the effects of frost, and which we hope will 
not be simply curious, but prove of utility, 
and be profitable to agriculture ; and should 
they not wholly enable us to escape from the 
evils occasioned by frost, they will afford us 
a means to guard against them. We shall, 
therefore, enter upon the detail, beginning 
with that which regards the sharp frosts of 

3 winter : 


oA8 BUFFON'S 


winter: of these, however, we carinot wedion 
with so great a certainty as on those of spring; 
because, as we have already observed, we are 
scldom subjected to their tragical effects, 

Most trees during winter being deprived of 
blossoms, fruits, and leaves; have generally 
their buds hardened so as to be capable of sup- 
porting very sharp frosts, unless the preceding 
summer was cool, in which case the buds not 
being arrived to that degree of maturity y> which | 
gardeners call doules*, they are not in a state 
of resisting the moderate frosts of winter ; hut 
this seldom happens, the buds commonly rip- 
ening before winter, and the trees endure 
the rigour of that season without being damag- 
ed, unless excessive cold weather’ ensue, join- 
ed to the circumstances hereafter mentioned. 

We have, nevertheless, met with many trees 
in forests with considerable defects, which have 
certainly been produced by the sharp ong 
and which will never be effaced. 

These defects are, Ist, chaps or chinks, 
which follow the direction of the fibres. 2. A | 
portion of dead wood inchided in the good ; 
and lastly, the double sap, which is an entire 
crown of imperfect wood. We must dweli 

| a little 
* Ripened or filled with sap. 
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à little on these defects to trace the causes 
whence they proceed. | 
+ The sappy part of trees is, as is well known, 
a crown or circle of white or imperfect wood 
of a greater or less thickness, and ‘which in 
almost all trees is easily distinguished from the 
sound wood, called the heart, by the difference 
ofits colour and hardness; it is found imme- 
diately under the bark, and surrounds the per- 
fect wood, which in sound trees is nearly of the 
same colour, from the circumference to the 
centre. But in those we now speak of, the per- 
fect wood was separated by another circle of 
white wood, so that on cutting the trunks of 
them we saw alternately circles of sap and 
perfect wood, and afterwards a clump of the 
Jatter, which was more or less considerable, 
“according to the different soils and situations ; 
in strong and forest earth it is more scarce than — 
_in glades and light earth. 

By the mere inspection of these cinctures of 
white wood, which we in future shall term 
false sap, we could perceive it to be of bad 
quality; nevertheless, to be certain of it, we 
had several planks sawed two feet in length, 
by nine to ten inches square, and having the 
like made from the true sap, we had both 
Joaded in the middle, and those of the false sap 
VOL. X. Kk always 
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always broke under a less weight than tliose of 
the true, though the strength of the true sap 
is very Aigle in , Omarion with that of 
formed wood. 

We afterwards took several pieces ane ‘bie 
two kinds of ‘sap, and weighed {bem both in 
the air and waier, by which we discovered that 
the specific weight of the natural. sap was al- 
ways greater than that of the false. We then 
made a like experiment with the wood of the 
centre of the same trees, to compare it with 
that of the cincture which is found between 
ihese two saps, and we discovered that the dif- 
ference was nearly the same as is usual between 
the weight of thé weod of the. centre, of all 
trees and that of the circumference ; - thus all 
tliat is become perfect. wood in these defective 
trees is found nearly in the common order. But 
it is not the same with respect to the false sap, 
for, as these experiments prove, it is weaker, 
softer, and lighter than the true sap, although 
formed 20, nay 25 years before, which we dis- 
covered to be the fact, by counting the annual 
circles, as well of the sap as of the wood which 
covered it; and this observation; which we 
have repeated on a number of trees, incon- 
testibly proves that these defects ‘had been 
caused by the hard frost of 1709, notwith- 

standing 
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standing that the number of some of their coats 

was less than the years which had passed since 

that period ; and at which we must not be 

surprised, not-only because we can never, by 

the number of ligneous coats, find the age of 
trees within three er four years, but also be= 

eause the first ligneous coats, formed after, 
that frost, were so thin and confined, that we 

cannot very exactly distinguish them. 

It is also cértain, that it was the portion of 
the trees that were in sap in the hard frost of 
1709, which instead of coming to perfection, 
and ‘converting itself into wood, became more 
faulty. Besides, it is more natural to suppose, 
that the faulty part mnstsuffer more from sharp 
frosts than sound wood: ‘because it is not only 
at the external part of the tree, and therefore 
more exposed to the weather, but also because 
the fibres are more tender and delicate than the 
wood. All this at first :appears to wear but 
little difficulty, yet the objections related’ in: 
the history of the Academy of Sciences, 1710, 
might be here adduced ; by these objections 
it appears that in 1709, the young trees en- 
dured the hard frost much better than old. 
But as these facts are certain, there must be 
some difference between the organic parts, the 
vessels, the fibres, &c. of the sappy part of 

| | the 
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the old trees and that of the young; they per 
haps will be more supple, so that a power 
which will be capable of causing the one ta 
break, will, only dilate the other. 

But as these are conjectures with which the 
mind remains but little satisfied, we shall pass 
slighily over them, and content ourselves with 
the particulars we have well observed. That 
this sappy part suffered greatly from the frost 
is an incontestible fact, but has it been en- 
tirely disorganized? This might happen 
without the death of the tree ensuing, pro- 
vided the bark remained sound; and even ve- 
getation might continue. Willows and limes 
frequently subsist only by their bark, and the 
same thing has been seen at the nursery of 
Roule in an orangetree. Bat we donot think 
that the false sap, is dead, because it always 
appeared to us in quite a different state from 
the sap found in trees, which had a portion of 

-dead wood included in the sound ; besides, if 
it-had been disorganized, as it extends over 
the whole circumference, it would have inter- 
rupied the lateral motion of the sap, and the 
wood of the centre, fot being able to vegetate, 
would have also perished and altered, which 
was not the case, and which I could confirm by 
a number of cRDe Tena 2 DY it is not 

-easil y 
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easily conceivable how this sappy part of wood 
has been. changed ‘so far as not to become 
wood, and that far from being dead, it was 
even in a state of supplying the ligneous coats 
with sap, which are formed from above in à 
state of perfection, and which may be com- 
pared to the wood of trees that have suffered 
no accident. This must nevertheless have 
been done by the hard winter, which caused an 
incurable malady to this part of the tree; for if 
it were dead, as well as the bark which cloathed 
it, there can be no doubt that the tree would 
have entirely perished, which happened in 
1709 to many trecs whose bark was detached. 
from them, and which by the remaining sap in 
their trunk, shot forih their buds inspring, but 
died through weakness before autumn, for want 
of receiving sufficient nutriment to subsist on. 
We have met with some of these falsesappy 
part of trees which are thicker on one side 
than the other, and which surprisingly agrees 
with the most general state of the sap. We 
have also seen others very thin, so that appa- 
rently there were only the outer coats injured. 
These were not all of the same colour, had not 
undergone an equalalteration,nor were equally 
affected, which agrees with what we have be- 
fore advanced. At length, we dug at the 
| foot 
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foot of some of these trees, to see if the defect 
existed also in'the roots, but we found them 
sound : therefore, it is probable that the earth 
which covered them had repaired the eu à 
done by the frost. | 
- Here then we sce one of the most dréndfi 
effects of winter frosts, which though locked up 
within the tree, is not less to be feared, since 
it renders the trees attacked by them almost 
useless; but besidesthis, it is very difficult to 
meet with trees totally exempt from these in- 
juries; and indeed all those whose wood is not 
of a deeper’ colour at the centre, growing 
somewhatlighter towards the sap, may besus- 
pected of having some defects, and ought not 
te be made use of in any matter of consequence. 
By horizontally sawing the bottom of trees, 
we sometimes perceivé ‘a piece ofdead sap or. 
. dried bark, entirely covered by the live wood : 
this dead sap occupies nearly half of the cir- 
cumference in the parts of the trunk where it 
is found: it is sometimes browner than good 
wood; and at'others almost white. From the 
depth also where this sap is found inthe trunk, 
it appears tohave been occasioned by thesharp 
frost in winter, by which a- portion of the sap 
and bark perished, and wasaftcrwards covered 
by the new wood; for this sap is almost always 
found 
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found exposed to the south, where the sun 
melting the ice, a humidity results, which 
again freezes soon after the sun disappears, and 
that forms a true ice, which is well known to 
cause a considerable prejudice to trees... This 
defect does not always appear throughout the 
whole length of the trunk, for we have seen 
many square pieces which seemed. perfectly 
exempt from all defects, nor were the injuries 
of the frost discovered until they were slit into | 
planks. It is, nevertheless ‘easily to. be con- 
ceived, how such a disorder, in their internal 
parts, must diminish their strength, qu assist 
their périshing. Yay 
In. forests, or woods, we meet with trees 
which strong winter frosts. have split accord- 
ing to the direction of their. fibres; , these are 
marked with a ridge formed by the cicatrice 
that covers the cracks, but which remain 
within the trees without uniting again, because 
a re-unionis neyer formed in the ligneous 
fibres when they have been divided or broken : 
nor canit be doubted, that the sap, which in- 
ereases in yolume when it freezes, as all liquors 
do, may produce many of these cracks. But 
we also suppose that there are some which are 
independent of the frost, and which have been 
occasioned by a too great abundance of sap. 
Le 
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- Bethis as it may, the fact is, we have found 
defects of this kind in all soils, and imall ex 
positions, but most frequently in wet ground 
and in northern and western expositions ; ‘the 
latter may perhaps proceed in cases when 
the cold is more intense, in such expositions ; 
and in the other, from the trees which are in 
marsby grounds, having the tissue of their lig 
neous fibres weaker, and because their sap is 
- more abundant and aqueous than in dry land ; 
which may be the cause that the effect of the 
rarefaction of liquors by the pores is more per: 
ceptible, and more in a state of diminishing 
ihe ligneous fibres, as they bring less resist 
ance thereto. : 

This reasoning seems to be ee by 
another observation ; namely, that resinous 
‘trees, as the fir, areseldom injured by the sharp 
frosts of winter, evidently from their sap being 
more resinous: for we know that oils do not 
perfectly freeze, and that instead of augment: 
ing in volume, like water, in frosty weather, 
they diminish when they ecngeal. ! 

Dr. Hales says in his Vegetable Statics, p. 16, 
that the plants which transpire the least, are 
those which best resist the winter; becausethey 
bave need of only a small quantity of nu- 
iriment to preserve themselves. He says, : 
likewise in the same part, that the plants, 

which 
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which preserve their leaves during winter, are 
those which transpire the least ; nevertheless; 
we know that the orange tree, the myrtle, and 
still more the jessamine of Arabia, &c. are 
very sensible to frost, although these trees pre- 
serve their leaves during winter; we must, 
therefore, have recourse to another cause to 
explain why certain trees which do not shed- 
their leaves in winter, so well support the 
sharpest frosts. 

We have sawed many trees which were at- 
tacked with this malady, and have almost al- 
ways found, under the prominent cicatrice, a 
deposit of sap or rotten wood, and they are ea- 
sily distinguished from what are called in the 
forest terms, sinks or gutters, because the de- 
fects which proceed from an alteration of the 
ligneous fibres, which is internally produced, 
occasion no cicatrice to change the external 
form of the trees, whereas the chinks produc- 
ed by frosts, which proceed from a cleft after- 
wards covered by a cicatrice, make a ridge or 
eminence in the form ofa cord, which an- 
nounces the internal defect. 

The sharp winter frosts produce, without 
doubt, many other injuries to trees, and we 
have remarked many defects, which we might 
atiribute to them with great probability ; but, 
as we have not been able to verify the fact, we 
yoL. xX. L1 shall 


958 BUFFON’S 


shall pass on to the effectsofthe advantages and 
disadvantages of different expositions with rer 
spect to frost ; for this question is too interesting 
to agriculiure not to attempt its elucidation, 
especially as various authors have supported an 
opposition of sentiment more capable of breed- 
ing doubis than increasing our knowledge. 
Some have insisted that the frost is felt more 
strongly at the northern exposition, while 
others assert it is more sensible to the south or 
west, and all these opinions are founded on a 
single observation. We nevertheless perceive 
what has caused this diversity of opinion, and 
we are therefore enabled to reconcile them. 
But, before we relate the observations and ex- 
periments which have led us thereto, it is but 
just we should give a more exact idea of the 

question. | 
It is not doubted that the greatest cold pro: 
ceeds from the north, for that is in the shade 
of the sun, which alone, in sharp frosts, tem: 
pers the rigour of the cold ; besides, a situation 
to the north, is exposed to the north-east, and 
north-west winds, which are clearly the most 
intense, whether we judge from the effects 
which those winds produce, or from the liquor 
of the thermometers, whose decision is much 
more certain. It may also be observed along 
the espaliers, that the earth is often frozen and | 
| bardened 
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bardened allthe day towards the north, while 
it may be worked upon towards the south. 
Moreover when a strong frost succeeds in the 
night, it is evident, that it must be much colder 
in the part where it is already formed, than in 
that where the earth is warmed by thesun; this 
is also the reason why, even in hot countries, 
we find snow in the northern exposition, on 
the back of lofty mountains: besides, the li- 
quor of the thermometer is always lower at 
the northern exposition, than in that of the 
south ; therefore, it is incontestible, that it is 
colder there, and freezes stronger. 

It is therefore certain, that all the accidents 
which depend solely on the power of the frost, 
will be found more frequently at the northern 
exposition than elsewhere. But yet it is not al- 
ways the great power of the frost which injures 
trees, for there are particular accidents, which 
cause a moderate frost to do them more preju- 
dice than the much sharper, when they happen 
in favourable circumstances. Of this we have 
already given an example in speaking of that 
part of dead wood included in the good, which 
is produced by the hoar frost, and is found 
most frequentiy inthe expositions to the south ; 
and it is also to be observed, that great part of 
the disorders produced in the winter of 1709, 

ate 
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are to be attributed toa false thaw, which was _ 
followed by a frost still sharper than what had 
‘preceded ; but the observations which we 
have made on the effects of spring frosts sup- 
ply us with many similar examples, which 
incontestibly prove it is not in the expositions 
where it freezes thé strongest, that’ the frost 
‘commits the greatest injuries to vegetables. 
Not to dwell upon assertions,we shall proceed 
to a detail of facts, which will ‘render these 
general positions clear and apparent. 

In the winter 1734we caused a coppice in 
my wood, near Montbard in Burgundy, to be 
cut, which measured one hundred and fifty-four 
feet, situated in a dry place, on a flat ground, 
surrounded on all sides with cultivated land. 
In this wood we left many sinall square’ pieces 
without felling them, and in a manner that each 
equally faced east, west, north and south. Af 
ter having well cleared the part that was eut, — 
we observed carefully in spring the growth of 
the young buds ; the renewed tops on the 20th 
of April, had sensibly shot out in the parts ex- 
posed to the south, and which consequently 
were sheltered from the north by the tufted 

tops ; these were the first buds that appeared, 
and were the most vigorous ; those exposed to 
the east appeared next; then those of the 

a west, 
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west, and lastly those of the northern’ exposi: 
tion. On the 28th of April the frost was very 
sharp in the morning accompanied by a nortli 
wind; the sky was clear, and the air very dry, 
and in which manner it continued for three 
days. At the end of which I went to see in 
what state the buds were about the clumps, 
and found them absolutely blackened in all the 
parts exposed to the south and sheltered from 
the north wind, whereas those which were ex 
posed to the cold north wind, which still 
blowed, were only slightly injured; and with 
respect to the eastern and western expositions, 
they were that day nearly alike injured. 
The Mth, 15th, and 224 of May, it froze 
preity-sharply, accompanied by the north and 
north-west winds, and I then likewise observed 
that all those sheltered fromthe wind were very 
much injured, but that all those which were 
exposed thereto had suffered but very little. 
This experiment appeared decisive, and show- 
ed that although it froze most strong in parts 
ex posed to the north wind, yet the frost in that 
situation did the least injury to vegetabies. 
This circnmstance ts certainly oppesed toe 


common prejudice ; but it is not less the fact, 


and iseven easy to be explained; for this pur- 


pose, it is suflicient to pay attention to ciréum- 


slances 
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stances in which frost acts, and we shall dis- 
cover that humidity is the principal cause of 
its effects, so that all which occasions humidity 
renders, at the same time, the frost dangerous’ 
to vegetables, and all that dissipates humidity, 
even if it should be done by increasing the cold 
(for every thing that dries diminishes the dis- 
asters ofa frost) acts towards their preservation, 


We have oftenremarked, that in low places, — 


where mists and fogs reign, frost is felt more 
sharply, and oftener than elsewhere. For in- 
stance, in autumn and spring we have seen de- 
licate plants frozen in a kitchen-garden, in a. 
low situation, while the like plants were pre- 


served sound in another kitchen-garden situated - 
on an eminence. So, likewise, in vallies and 


low forests the wood is never of a beautiful 
vein, nor of good quality, although the vallies 
are often by much the best soil. The coppice 
wood is never good in low places, although it 
shoots forth there later than upon high places, 
and which is occasioned by a freshness that is 
always concentered therein. When I walked 
at night in the wood I felt almost as much 
heat on eminences as in the open plains, but 
in the vallies I experienced a sharp and un- 
comfortable cold. Though the trees shoot out 


the latest in those parts, yet the shoois are still 
injured 
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injured by the frost, which spoiling the prin- 
cipal buds obliges the trees to shoot forth lateral 
branches, and thus prevents their ever becom- 
ing straight and handsome trees fit for ser- 
vice. . What we have just advanced must not 
be understood only of deep vallies, which 
_ are liable to those inconveniencies from nore 
thern expositions, or those inclosed on the 
southern side in the form of an alley, in which 
it often freezes the whole year, but also of the 
smallest vallies, so that by a little custom we 
can discover the bad figure of the shoots from 
the inclination of the earth ; this I particularly 
observed on the 28th of April, 1734; on that 
day the buds ofall the trees, from one year up 
to six or seven, were frozen in all the lower 
places; whereas in the high and uncovered 
places there were only the shoots near the earth 
which were so; the earth was then very dry, 
and the humidity of the air did not appear 
to have greatly contributed to this injury. 
Neither vines, nor the trees of the plain, are 
subject to frost, which might lead us to sup- 
pose they are less delicate than the oak ; but 
we think this must be atiributed to the humi- 
dity, which is always greater in the woods than 
4n the rest of the plains, for we have observed 
that oaks are often very much injured from 

frosts 
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frosts in forests, while those which are in the. 
plains are not hurtin the least. | 

Large timbers, even on eminences, may 
cause the young trees near them to be in the 
same stateas ifat the bottom ofa valley. We 
have alsoremarked, that the young wood near 
large trees is bets more injured by the frost 
than in parts remote from them, as in the 
niidst.of such woods, where a great number of 
branches are left, it is felt with more force than 
in those which are open. : Now all these dis- 
orders arc most considerable in such places, for 
as the wind and sun cannot dissipate the tran- 
spiration of the carth and plants, there remains — 
a considerable humidity , Which causes a very 
great prejudice to plants, 

We have also remarked, that the rl is 
never more to be dreaded, with respect to the 
vine flowers, buds of trees, &c. than when it 
succeeds mists, or.even rain, however slight, 
for they are all capable ofenduring a very con: 
siderable degree of cold without being damag- 
ed, when it has not rained for ete : and 
the earth is dry. ” 

Frosts likewise act more onmesfaiiel in, era 
newly cultivated than.in others, because the 
vapours, which continually rise from the earth, 
transpire more freely and abundanily from that 

which 
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wliich is néwly cultivated. To this reason we 
must, however, subjoin the fact, that plants, 
newly set, shoot forth more vigorously than 
others, which renders them more sensible and 
liable to the effects of frost. So also in light 
and sandy soil the frost does more injury than 
in strong land, even though of equal dryness, 
because more exhalations escape from the first 
kind of carths than from the latter; and if a 
vine newly dunged is most subject to the frost, 


it arises from the humidity which escapes from 


it.. A furrow of vine which lies along a field 


- ofsainfoin, peas, &c. is often all destroyed by 


the frost, while the rest of the vine is quite 
healthy, and this is undoubtedly, to be attri- 
buted to, the transpiration of the sainfoin, or 
other planis, which bring a humidity on the 
shoots of the vine. In the vine also, the 
branches that are strong and. cut are always 


less injured than the stock; especially when 


not, attached tojthe props, as they are then agi- 
tated by the wind which dries them. 

+ The same thing is remarked of timber, and 
I have seen in copses all the buds entirely de- 
stroyed by the frost, whilethe uppershoo's had 
not received the least damage ; indeed it always 
appeared that the frost did most injury nearest 
to the earth, commonly within one or two feet, 
VOL. X. M m insomuch 
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insomuch that it must be very violent to des 
er the buds higher than four. 

‘ All these’ observations, which may ‘be re- 
garded as very constant, agree to prove that in 
general it is not the shin? pooh tote which do 
the greatest injury to plants, but that they are 
affected in proportion as they are loaded with 
humidity, which perfectly explains why the 
frost causes so many disorders in the southern 
exposition, although it should be less cold than 
that of the north, and likewise why the frost 
causes more inju ry to the northern exposition, 
when after a rain proceeding from a westerly 
-wind the wind veers to the north towards sun 
set, as often happens in spring, or when, by 
an easterly wind, a cold moistair arises before 
sun-rise, which, however, is not so common. 

There are likewise circumstances where the 
frost does most injury tothe eastern ex position ; 
but as we have many observations on that sub- 
ject, weshall first relate those which we made 
in the spring frost in 1756, which occasioned 
so much damage. It having been very dry 
previously, it froze for a long time before it in- 
jured the vines; but it was not so in the forests; 
apparently because they contained more hu< 
midity. In Burgundy it was the same as in 
the Spies of Orleans, the He was in- 

-” jured 
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jured very early. At last the frost. increased 
so greatly that all the vines were destroyed, 
notwithstanding the dryness still continued ; 
but instead of this frost doing much damage 
under the shelter of the wind, those parts which 
were sheliered. ‘were the only ones. preserved, 
insomuch, tbat in many closes surrounded by 
walls the stocks along the southern exposition 
were very green, while all the. rest remained 
dry; and in {wo quarters the vines were saved, 
the one by being sheltered from the north by 
a nursery of ash-trees, and the other because 
ihe vineyard was slocked with a number of 
fruit-trees. 

But this effect. is very rare, and this hap- 
. pened. only because the season had been dry, 
and because the vines. had resisted the wea- 
ther till the plants had became so strong, from 
the time of the year, that the frost could not 
injure them, independently of the external hu- 
midity and other particalar circumstances. 

But there are other causes to be assigned 
why frost produces injury more frequently to 
the east than to the west, and which are drawn 
from the following observations : 

A sharp frost causes no prejudice to Brite 
when if goes off before the sun comes upon 
them ; let it freeze at night, ifthe morning be 

cloudy, 
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cloudy, or a slight rain fall,-or, in a wordy if 
by any cause whatever the ice melt gently, 
and independently of the action of the sunyit 
seldom does añÿ ‘injury; and we have’ very 
often saved very delicate plants, which had by 
chance remained exposed to the frosts, by re= 
turning them into thé green-house before sun- 
rise, or by simply-covering them bemits the sun 

had shone upon them. : | 
One time in particular a very sharp frost 
happened in autumn while our orangestrees 
‘were out of the green-house, and as it rained 
part of the night they were all covered with 
icicles: but this accident was prevented from 
doing any injury by covering them with cloths 
before the sun rose, so that there was only the 
young fruit and the most tender shoots injured, 
and we are persuaded they would all- have 
been saved if the covering had ‘been thicker. | 
Another time our geraniums, and many other 
plants which cannot bear the frost, were out, 
when suddenly the wind, which was south- 
west, veered to the north, and became so cold 
that the rain, which fell abundantly, “was 
frozen, and in almost a moment all that were 
exposed to the air were covered with ice; 
we thought, therefore, that all our plants were 
irrecoverably destroyed ; nevertheless we had 
| them 
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them carried to the. furthermost part of the 
green-house, shut up the windows, and by 
that means they sustained but little damage. : 
This kind of precaution is always observed 
swith regard to animals; whentheyare stricken 
with cold, or have a limb frozen, great care 
as taken not to expose them hastily to heat, but 
they are rubbed with snow, dipped. in water, 
or burned in dung; in one word, the greatest 
attention is paid that they shail gradually be 
‘brought to warmth. It is almost certain, with 
respect to fruit which may be frozen, that if 
thawed with precipitation it invariably ‘pe- 
rishes, whereas it suffers but little if thawed 
gradually. | 
In order to explain how the sun produces 
. somany disorders in frozen plants, some have 
imagined that theice, by melting, is reduced 
into small spherical drops of water, which 
form so many small burning mirrors when the 
sun shines upon them. But however small 
the form of a mirror may be, it can only pro- 
duce heat ata distance, and can have no effect - 
on a body it touches ; besides, the side of the 
drop of water which is on the leaf of a plant 
is flat, which removes its focus toa greater 
distance. In short, if these drops of water 
could produce this effect why should not the 
dew- 
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‘dew-drops, which are also splictical, produce 
‘the same? Perhaps, itmay be thought-that 
the most spirituous and volatile parts of thé sap 
‘melting the’ first, they evaporate before the 
rest are in a state of moving in the vessels. of 
the plant, which might decompose the sap.°r 

Butin generalit may be said, that the frost 
ancreasing the volume of fiuids, dilates the ves- 
sels of plants, and that the thaw cannot be 
performed without the parts which compose 
the frozen fluid enter into motion, This — 
change may be made with sufficient gentleness 
not to break the most delicate vessels of plants, 
which will by degrees return to their natural 
tone, and then the plants will not.suffer any 
injury; but, if it be done with precipitation, 
these vessels will not be able to resume their nay 
tural tone so soon after having suffered a vio- 
lent extension, the liquors will evaporate and 
the plant remain dry. 

Although we might conclude with tinens 
conjectures, with which I am not myself per: 
fecily satisfied, yet the following data are irre- 
vocably constant. 

1. That it seldom happens sith tail to 
fruit, either in spring or winter, that the plants 
are injured simply by the force of the frost and 
independently ofany particular circumstances, 

and 
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and when it does, itisat the northern exposi-: 
tion that plants meet with the greatest injury. 

2. In frosty weather, which lasts several days, 
the heat of the sun melts the ice in some places 
for a few hours; for it often freezes again be- 
fore sun-set, which forms an ice very preju- 
dicial to plants, and it is observable that the- 
southern exposition is more subject to this in- 
convenience than all the rest. | 
* 8. It has been observed, that spring frosts 
principally disorder those plants wherethere is 
humidity, the soils which transpire mucb, the 
bottoms of vallies, and in general all places 
which cannot be dried by the wind and sun 
are the most injured. 

- In short, if, inspring, the sun which shines 
onfrozen plants occasion a more considerable 
damage to them, it is clear that'it will be the 
eastern exposition, and those next the south 
which will suffer most, 

» But it may be said, if this Ya the case, we 
must no longer planttothe southern exposition — 
en a-dos (which are slopes, or borders of earth, 
thrown up in kitchen gardens or along espa- 
liers) gillifiowers, cabbages, winter. lettuces, 
green peas, and such other delicate plants as 
we would have stand the winter, and preserve 
for an early crop in spring; and that it is te 

| the 
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the northern exposition alone that we must in: 
future plant peach and other delicate trees.’ 
It is proper to destroy these objections, and 
shew that they are false consequences of what: 
we have advanced. 

- Different objects are proposed when we set 
plants to pass through the winter in shelters 
exposed to the south, and sometimes it is to 
expedite vegetation: it is, for example, with 
this intention, that along espaliers we plant 
ranges of lettuces, which for that reason are 
termed winter-lettuces; these will tolerably 
well resist the frost in whatever part we plant 
them, but are always most forward in this ex- 
position ; at other times, itis to preserve them 
from the rigour of this season, with an inten- 
tion of replanting them early in the spring. 
This practice is also followed in winter cab: 
bages, which are sown in this season along an 
espalier border. These kind of cabbages, 
like brocoli, are tender and cannot endure the 
frost, and would often perish in these shelters, 
if care were not taken to cover them during 
the sharp frosts with straw or ne pe 
on frames. 

To forward the vegetation of some bold 
which willnot bear the frost, as green peas, &c. 
it is usual for that purpose to plant them on 

_ borders 
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borders exposed to {he south, besides which, 
they are defended from sharp frosts when the 
weather requires it. | 

It is well known, without being compelled 
to dwell. any longer on this point, that the 
southern exposition is more proper than all 
the rest to accelerate vegelation, and we have 
shewn that this is also what is principally 
proposed when some plants are set in that ex- 
position to pass through the winter, since, in 
addition, we are also obliged ‘to make use of 
coverings to guard those plan! s which are very 
delicate from the frost.. But we must add, 
that if there be some circumstances wherein 
_ the frost causes more disorders to the southern 
than to other expositions, there are ako many 
cases which are favourable to this exposition : $ 
— for example, in winter, when there is any 
thing to fear from the ice, it frequently 
| happens that the heat of the sun, simereased by 
the reflection ofthe wall, has sufficient force to 
… dissipate all the humidity, and then the ¢lants 
are almost perfectly secure against the ‘wall 
Besides, dry frosts often |:appen, which uncea- 
singly act towards the north, and which are 
scarcely ever felt towardsthe south. Inspring, 
likewise, we perceive that after a tain which 
| proceeds from. the south-west, or south-east, if 
1 the wind chan we to the north, the southern 
“ You. x. Nr espalier 
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espalier being under the shelter of the wind, 
will suffer more than the rest ; but these cases 
are very rare, and most often it is after rains, 
which come from the north-east or north-west 
that the wind changes {o the north, and then 
the southern espalier having been under shelter 
from the rain by the wall, the plants therewill 
have less to suffer than the rest, not only be- 
cause it will have received less rain, but also 
because there is always less cold here, than in 
other expositions. It is likewise to be ob- 
served that as the sun dries much earth along 
the espaliers which are to the south, the earth 
transpires there less than elsewhere. 

It is well known that what we have just ad- 
vanced must be considered as applying also 
to peach and apricot trees, which it is custo- 
mary to put in this exposition and in that of 
the east.’ We shall only add, that it is not 
unusual to see peach trees frozen in the east 
and southern expositions, while those are not 
so which stand in the west or north ; but not- 
withstanding this we can never rely on having 
' many, nor good peaches in this last exposition, 
for great quantilies of blossoms fall off entirely 
without setting; others, after having set fall 
from the trees, and those which remain with 
difficulty arrive to maturity. I have ar 
espalier of peach-trees in a western exposition, 

i a little 
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a litile declining to the north, which scarcely 
ever produce any fruit, al:hough the trees are 
handsomer than those to the southern and 
northern. We cannot, therefore, avoid the 
iñconveniences of the frost with respect to the 
southern exposition without feeling others that : 
are worse. 

All dehicate trees, as fig, laurel, &c. must be 
set to the south, and great care taken to cover 
them ; it is only requisite to remark that dry 
dung is preferable for this purpose to straw, 
because the latter not’ only does not so exactly 
cover them, but also from its always retaining 
some grain which atiracts moles and rats, who 


sometimes eat the bark of trees to quench their 


thirst in frosty weather, when they can meet 
with no water to drink. nor herb to feed upon; 
and however singular this may appear, it is a 
circumstance which has happened to us several 
times; but when dung is made use of it must 
be dry, without which it will heat and make 
the young branches grow mouldy. 

All these precautions are, nevertheless, very 
inferior to the espaliers in niches, as in that 
manner plants are shellered from all winds, 


except the south, which cannot hurt them ; 


the sun, which warins these places during the 
day, prevents the celd from being so violent 
during the night; and over these defended 

| places 
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places we may put a slight covering with great 
facility, which will hold the plants there in a 
state of dryness, infinitely proper to prevent 
all the accidents which the spring frosts and 
ice might. produce ; and most plants will not 
suffer from being deprived of their external 
humidit ity, because they scarcely transpire in 
the winter, or in the beginning of spring, so 
that the humidity of the air is sufficient for 
their supply. ' 

But since the dew renders plants so suscep- 
tible of the spring frost, might we not hope, 
that from the researches of Mcssrs. Musschen- 
broeck and Fay, some inferences may be de- 
duced which may turn to the advantage of 
agriculture ? for since there are some bodies 
which seem to aiiract dew, while others evi- 
dently repel it, if we conld paint, plaster, or 
wash the walls with some matter which would 
have the latter effect, it is certain we should 
have room to expect a more fortunate success 
than from the precaution taken to place a 
plank in form of a roof over the espaliers, 


which cannot prevent the abundance of dew à 


from resting on trees, since Fay has proved 
that it very often Joes not fail perpendicularly 
like rain, but floats in the air, and attaches 


itscifto those bodies it encounters ; so that fre: . 


guently as much dew is amassed under a roof 
as 
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as in places entirely open. It would be easy 
for us to recapitulate all our observations, and 
continue to deduce useful consequences, but 
what we have said must be sufficient to shew 
the necessity of rooting up all trees which 
prevent the wind from dissipating mists. 
Since by cultivating the earth we cause more 
exhalations to issue, great attention should be 
paid not to cultivate them in critical times. 
We must expressly declare against sowing 
kitchen-plants on vine-furrows, as by their 
iranspiration they hurt the vine. 
: Props should be put to the vines as late as 
possible. The hedges, which border them on 
the north side, should be kept lower than the 
rest. It is preferable to improve vines with 
mould rather than dung. And in choosing a 
soil we should avoid those which are in bot- 
toms and grounds which transpire much. 
A part of these precautions may be also 
usefully employed for fruit-trees; with res- 
pect, for example, to plants which gardeners 
are forward to put at the feet of their bushes 
and along: their espaliers. : 
Ifthere are some parts high and others low 
ina garden, we should pay attention to sow: 
spring and delicate plants on elevated parts, at 
least if we do not design to cover them with 
glasses, &e. but in cases where humidity can- 
. not 
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not hurt them it might be often advan'ageduste 
choose low places, where they might be shel- 
tered from the north and north-west winds. 

We may also profit from what has been said 
te the advantage of forests, for if we mean to 
makea reserve of any of the trees, it should 
never be in paris where the frost is severe; and 
in planting we should pay attention to put ia 
vallies those trees which can endure the ni 
better than the oak. 

When any considerable fall of timber is. 
made we should make them in roads, beginning 
always es the. north side, in order that the 
wind, which generally blows in frosty weather, 
may dissipate that humidity whith is SO pres 
. pehicial to the underwood. | 

There might be also many other fil CON+ 
sequences drawn. from our observations ; bnt 
we shall content ourselves with having briefiy 
adverted to some, because the ingenious man 
may supply whatwe have omitted by paying a 
Éttle attention to the observations we have 
mentioned. We are well convinced there are 
æ great number of further experiments to be 
made on this matter ; and perhaps even those . 
whieh: we have related will engage some per- 
sons to work on the same subject, and from 
eur hints general and useful advantages may 


Be derived. 
an 


ON THE TEMPERATURE OF THE PLANETS. 


gas 
MAN newly created, and even the igno- 
rant man at this day bebol’s the exfent and 
_natureof the universe only by the simple organ 
oflight: to him the earth is but a solid body, 
whese volume is unbounded, and whose ex- 
tent is without limits, of which he can only 
survey small superficial spaces: while the sun 
and planets seem to be luminous points, of 
which the sun and moon appear to be the only 
objects worthy regard in the immensity of the 
heavens. To this false idea on the extent of 
nature and the proportions of the universe is 
joined the still more disproportionate sentiment 
of superiority. Man, by comparing himself 
with other terrestrial beings, feels that he ranks 
the first, and kence he presumes that all was 
made for him ; that the earth was created only 
to serve for his habitation, and the heavens for 
a spectacle; and in short the whole universe 
ought to yield to his necessities, and even his 
pleasures. But in proportion as he makes use 
(pf that divine light, which alone ennobles his 


being ; 
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being ; in proportion as he obtains instructioifs 
he is forced to abate his pretensions; he finds 
himselflessened in proportion as the universe 3 
increases in his ideas, and it becomes demon- 
strable to him, that theearth, which forms all 
his domain, and on which unfortunately he 
cannot subsist without troubleand sorrow, is as 
small with respect tothe universe, as heis with 
respect to the Creator. In short, from study 
and application, he finds that there does not 
remain a possible doubt, that this earth, large 
and extensive as it may seem to him, is but a 
moderate sized planet, a small mass of matter, 
which, with others, has a regular course round 
the sun: for as it appears our.globe is at the 
distance of atleast 33 millions of leagues, and 
the planet Saturn at 513 millions, the natural 
conclusion is, that the exient of the sun’s em- 
pire is a sphere, whose diameter is 627 millions . 
of leagues, and that the earth, relative to this 
space, is not more than a grain of sand to the 
volume of the globe. : 

However, the planet Saturn, although the 
furthest from the sun, is nul by any means near 
the confines of his empire: his limits extend 
mich further, since comets pass Over spaces | 
beyond that distance, as may be estimated by 
the time of their revolutions : a comet which 

hike 
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like that of the year 1680 revolves round the 
sun in 575 years must be 15 times more remote 
from him than Saturn ; for the great axis of 
its orbit is 138 times greater than the distance 
from the earthto the sun. Hence we must still 
augment the extent of the solar power 15 times 
. the distance from the sun to Saturn, so thatall 
the space in which the planets are included is 
only a small province of his domain, whose 
bounds should be placed at least 138 times his 
distance from the earth. | 
What immensity ofspace ! What quantity of 

matter ! Forindependently of the planets, there 
is a probability of the existence of 400 or 500 
comets, perhaps larger than the earth, which 
run over the different regions of this vast 
sphere of which the terrestrial clobe only con- 
stituting a part, a unity on 191, 201, 612, 985, 
514, 272, 000, a quantity represented by num- 
bers, which imagination cannot attain or com- 
prehend. 

~ Nevertheless, this enormous extent, this vast 
sphere, is yet only a verysmall space in the im- 
mensity of the heavens; each fixed star is a sun, 
à center of a sphere equally as extensive ; and 
as we reckon more than 2000 of these fixed 
stars perceived by the naked eye, and as with 
telescopes we can discover so much the greater 
number as these instruments aremere powerful ; 
Vek. x. Oe the 
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the extent of the universe appears to be with- 
out bounds and the solar system forms only a 
province of the universal empire of the Crea- 
tor.; an infinite empire like himself. 

Sirius, the most brilliant fixed star,and which 
for that reason may be regarded as the nearest 
sun to our’s, affords to our sight only a second 
of annual parrallax on the whole diameter ofthe 
earth’s orbit, and is therefore at the distance of 
6, 771, 770, millions’, of leagues distant from 
us, that is, 6, 767, 216 millions of leagues 
from the limits of the solar system, such as we 
have assigned it after the depth to, which the 
cometsimmerse. Supposing then, there is an 
equal space from Sirius to that which belongs’ 
to our sun , we shall perceive that we must ex- 
tend the, limits of our solar system 742 times 
more than it is at preseat, as far as the aphe- 
lion of the comet, whose enormous distance 
from, thesun is nevertheless only a unit on 742 
of the total diameter of the solar system. 


pds LEAGUES. 
Distance from the earth to the Sun - = $8,000,000 
Distance from Saturn to the Sun - - $13,000,COo 
Distance from the aphelion of the Comet to 1 
the Sun - - eit 4,554,000,000 


Distance from Sirius to the Sun - 6,771,770,000,000. 
Distance of Siriusto the point of the aphe- 
lion of the Comet, supposing that in as- 
cending from the sun the comet point- 
ed directly towards Sirius (a supposition 
which 
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svhich diminishes the distance as much as 

possible) ait? - © '6,767,216,000,009 
‘One half the distance from Sirius to the 

Sun, or the depth of the solar and sircin 


system - - 3,385,885,000,0C0 
Extent beyond the limits of the comet’s 
aphelion, : - ; = 3,381,331,000,000 


Which being divided by the distance of the 


comet’s aphelion, gives about - 142% 


We can form another idea of cur immense 


distance from Sirius, by recollecting that the 


sun’s disk formsto our sight an'angle of 32 mi- 
nutes, whereas that of Sirius forms only that of 
a second; and Sirius being a sun like ours, 
which we shall suppose of equal magnitude, 
since there is no reason to conceive it larger or 
smaller, it would appear to us as large as the 
sun, ifit were but a like distance. : Taking: 
therefore two numbers proportional to the. 
square of 32 minutes, and to the square of a 
second, we shall have 3,686,4000 for the dis- 
tance of the earth to Sirius, and one for its 
distance te the sun; and as this unit is equal 
to £3 millions of leagues, we see how many 
millions of leagues Sirius is distant from us, 
since we must multiply (hese 33 millions by 
3,686,400 ; and ifwe divide the space between 
these two neighbouring suns, although at so 
great a distance, we shall sce tbat. the comets 
might be removed toa distance 1,800,000 times 

| | greater 


284 BUFFON'S 


greater than that of the earth to the sun with» 
out quitting the limits of the solar universe, 
and without being subjected to other laws than 
that of oursun, and hence it may be concluded 
that the solar system for its diameter has an 
extent, which, although prodigious, never« 
theless, forms only a very small portion of the 
heavens - and we must infer a truth therefrom 
but little known, namely, that from the sun, 
the carth and all the other planets, the sky 
must appear the same. 

When in a serene and clear night we cons 
template all those stars with which the celestial 
yault is illuminated, it might be imagined that 
by being conveyed into another planet more 
remote from thesun, we should see these glitter- 
ing stars larger, and emitting a brighter light, 
since we should be so much nearer to them, 
Nevertheless, the calculation we have just 
made demonstrates that if we were placed in 
Saturn, which is 500 millions of leagues nearer 
Sirius, it would appear onlyan 194,021st 
part bigger, an augmentation absolutely insen- 
sible ; from which it must be concluded, that 
the heaven, with respect to all the planets, has 
the same aspect as it has to the earth. There: 
fore ‘if even there should exist comets ‘whose 
periods of revolution might be double, or 

| | treble 
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treble the period of 575 years, the longest 


“known to us; if even the comets in conse- 


quence thereof, immerse at a depth ten times 

greater, there would still be a space 74 or 75 

times deeper, to reach the last confines, as well 

of the solar system, as of the sirian ; so that 

by allowing Sirius as much magnitude as our 

san has,and supposing in his system as many 

or more cometary bodies than there are comets 

existing in the solar, Sirius will govern them 
as the sun governs his, and there will remain 

an immense interval between the confines of 
the two empires; an interval which appears 

to be no more than a desart in the vast space, 
and which must give a suspicion that cometa- 

ry bodics do exist, whose periods arelonger,and 

which are to a much greater distance than we 

can determine by our actual knowledge. Sirius 

may also be a sun much larger and more 

powerful than ours; and if that is the case, if 

must throw the borders of his demain so much 

the further back by approaching them to us, 

and at the same time retrench the circumte- 

rence of the sun. 

I cannot avoid presuming, that in this great 
number of fixed stars, which are all so many 
suns, there are some greater and others smaller 
than ours;‘ others more or less luminous, some 


nearer, 
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nearer, which are represented to us by those’ 
stars called by astronomers, stars of the first 
magnitude, and many others. more remote, 
which for that reason appear to us smaller, 
The stars called xebulows seem to want light 
and fire, and to be only half lighted ; those 
which appear and disappear alternately are, 
perhaps, ofa form flattened by the violence of 
the centrifugal foree in their motion of rotation,’ 
and are perceiveable only when they are in the - 
full, disappearing when they are sideways. In | 
this grand order of things, and in the nature of 
thestars, there are the same varielies, and the 
same differences, in number, size, space, moe 
tion, form, and duration; the same relation, 
the same degrees, and the same connection, as 
_are found in all the other orders of the creation. 
Each of the suns being endowed like ours, © 
and like all matter, with an attractive power, 
which extends to an indefinite distance, and 
decreases, as the space increases, analogy leads 
us to imagine that within each of their spheres 
there exists a great number of opaque bodies, 
planets,or comets, which circulate round them, 
but which being much smaller than the suns — 
which serve them for heat, they are beyond 
the reach of our sight. | 


Tt. 
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At might be imagined that comets pass from 
one system to the other, and that if they hap- 
pened to approach the confines of the two em- 
pires they would be attracted by ihe prepon- 
deraling power, and. forced to obey the laws 
of a new masier. But, by the immensity of 
space which is beyond the aphelion of our co- 
mets, it appears that the Sovereign Ruler has 
separated each system by immense desarts, a 
thousand and a thousand times larger than all 
the extent of known spaces. These desarts, 
which numbers cannot fathom the depth of, 
are external and invincible barriers, that all 
the powers of created nature cannot surmount. 
To form a communication from one system to 
the other, and for the subjects of one to pass 
into the other, it would be requisite that the 
centre was not immoveable, for the sun, the 
head of the system, changing place, would 
draw with it in its course all the bodies which 
depend thereon, and hence might approach 
and invade another demesne. If its rout were 
directed towards a weaker star, it would com- 
mence by carrying off the subjects of its most 
distant provinces, afierwards those more inte- 
rior, and would oblige them all to increase its 
- train by revolving round it; and its neighbour 
thus deprived of itssubjects, no longer having | 
‘planets nor comets, would lose both its light 
and 
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and fire, which their motion alone can excite 
and support; hence this detached star, being 
no longer maintained in its place by the equilis 
brium of its forces, would be obliged to change 
nutrition, by changing nature, and becoming 
an obscure body, would, likethe rest, obey the 
power of the conqueror, whose fire would iné 
crease in proportion to the number of its con: 
quests. £9 Uo}RARgoe 
For what can be said on thé nature of the 
sunbut thatitis a body of prodigious volume, 
an enormous mass of matter penetrated by 
fire, which appears to subsist without aliment, 
and which resembles a metal ora solid body in 
incandescence ? And from whence can this con- 
stant state ofincandescence, this continually re- 
newed production of fire proceed, whose con 
sumption does not appear to be supported by 
any aliment, and whose deperdition is at Jeast 
insensible, although constant for such a great 
number of years? Is there, or can there be, 
any other cause of the production of this per- 
manent fire, but the rapid motion from the 
strong pressure of all bodies, which revolve 
round this common heat, and which heats and 
sets fire to it, like a wheel rapidly turned round 
itsaxis? The pressure, which they exercise by 
virtue of their weight is equivalent tothe fric- 
tion, and even more powerful, because this 
pressure 
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pressure isa penetrating power, which not only 
rubs the external surface but all the internal 
parts of the mass: the rapidity of their motion 
is so great that the friction acquires a force al- 
most infinite, and consequently sets the whole. 
mass of the axis in a state of incandescence, of 
light, of heat, and of fire, which hence has no * 
need of aliment to be supported, and which, ~ 
in spite of the deperdition each day made by 
the emission of light, may remain for ever 
withoutany sensible alteration, other suns ren- 
dering as muchlight to curs asit sends tothem, : 
and no part of the smallest atom of fire, or any 
other matter, being lostin a system where all is 
attracted. | 

If from this sketch of the great table of the 
heavens, and in which I have only attempted to 
represent to myselfthe proportion of the spaces, 
and that of the motion of bodies which travel 
over them ; if from this point of view, to which 
I only raised myself to sce how greatly nature 
must be multiplied in the different regions of 
the universe, we descend to that propertion of | 
space which we are belier acquainted with, 
and in which the sun exercises ils power, we 
shall discover, that although it governs ali 
bodies therein, it, nevertheless, has not. the 
VOL. X Pp power 
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power of vivifying them, nor even that of sup+ 
porting life and vegetation. | 
Mercury, which is the nearest to the sun, 
nevertheless reccives only a heat 400:times 
stronger than that of the earth, and this heat, 
so far from being burning, as it has always: 
been supposed, would not be strong enough of 
itself to support animated nature, for theactual 
heat of the sun on the earth being only 45. part 
of the heat of the terrestrial globe;-that of the 
sun on Mercury consequently is only + part of 
the actual heat of the earth. Now if , parts 
were subtracted from the heat which is at pre: _ 
sennt the temperature of the earth, itisceriain 
animated nature would be checked, if not en- 
tirely extinguished. Since the sun alone can- 
not maintain organised nature in the nearest 
planet, how muclr more aid must it require to 
animate those at a greater distanee ? To Venus 
it only sends a heat 4 times stronger than that 
it sends to the earth, which instead of being 
strong enough to support animated nature, 
would not certainly suffice to maintain the li- 
quidity of water, nor perhaps ever the fluidity 
of air, since our actual temperature would be 
refrigerated to 2,, which is very near the term 
7 we have given as the external limit of the 
slightest 
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-slightest heat, relative to living nature. And 
with respect to Mars, Jupiter, Saturn, and all 
their satellites, the quantity of heat which the 
sun sends to them, in comparison with that 
which is necessary for the support ef nature, 
which-may bedooked upon as of little effect, 
especially inthe two larger planets, which, ne- 
vertheless, Pre to be the essential objects of 
the solar system. | 
All the plauets, therefore, have bisiie bean 
volumes (as large as useless) of matter more 
than dead, profoundly frozen, and consequent- 
ly places ‘uninhabited and uninhabitable for 
-ever, if they donot include:within themselves 
treasures of ‘heat much superior to what they 
receive from the sun. The heat which our 
globe possesses of itself, and which is 50 times 
greater than that which comes to it from the 
sun, is, in fact, the treasure of nature, the true 
fandwhich animates us as well as every being : 
it is this.internal heat of the earth which causes 
all things to germinate and to develope;. it is 
that which constitutes the clement of fire, 
properly called an element, which alone gives 
motion to other elements, and which if it was 
reduced to = could not conquer their resist- 
ance, but would itself fall into an inertia. Now 
#his element, this sole active power, which 


may 
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may reader the air fluid, the water liquid, and 

ihe earth penetrable, might it not have been 
given to the terrestrial globe alone? ‘Does ana- 
logy permit usto doubt that the other planets 

do ‘not! likewise contain.a quantity of heat, 

which belongs to themaloneé, and which must 
render them capable of receiving and swpport- 
ingvliving nature? Is itcnot greater and» more 
worthy the idea we ought to haveofthe Creator, 
to suppose that thereevery where exists beings 

-who acknowledge his power and celebrate his 
glorÿ, than to depopulate all the universe, ex= 
cepting the earth, and to despoil it ef all be- 

ings, by reducing it to.a profound solitude, in 
which we should only find a desart space; and 

frightful masses of inanimate matter.” 

Since the heat of the sun is so smalk-on. the 
earth, and other planets, it is necessary that 
they should possess a heat belonging solely te 
themselves, and our enquiry must be ‘to see 
whence this heat proceeds which alone can 
constitute in them this element of fire. Now 
_ where shall we be ableto discover this: great 
quantity of heat if it be not in the source itself, 
in the sun alone? for the matter of which the 
plancts bave been formed and projected by a 
like impulsion will have preserved their mo- 
tion in the same direction, and their heat in 

: proportion 
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proportion to their magnitidé dnd density. 
Whoever weighs these analogies, and. con- 
ceives, the power of their relations, will not 
doubt that the planets haye issued. drom: the. 
sun by the stroke. of a comet, because in the 
solar system comets only could have power 
and ‘sufficient. motion, to ‘communicate a 
similar impulsion to the massés of matter which 
compose tlie planets, . If to all these citcum- 
stances we unite that of the innate heat of the 
earth, and of. ‘the insufficiency of the sun ta 
support nature, we must rest persuaded, that 
in the time of their formation the planets and 
earth were ina state'of liquefaction, afterwards — 
inja state. of incandescence, and at last in a 
successive state of heat, always decreasing 
from incandéscence to actual temperature, for 
there is noother mode of conceiving the origin 
and duration of this heat peculiar to the earth. 
It is difficult, to imagine that the fire, termed 
central, can subsist at the bottom of ihe globe 
without air (that is, without its first aliment, 
and from whence this fire should proceed, 
which is supposed to be shut up in the centre 
of the globe), because what origin, what 
source shall-we then find for it? Descartes has 
imagined ihe earth and planets were only small 
incrusted suns ; in other words, suns entirely 

| extinguished: 


304 - !UBUFFON’S 


extinguished. Leibnitz has not hesitated to pro 
nouncethat-the terrestrial globe owes its source, 
and the consistence of ‘its matters, to the ele- 
ment of fire: yet these two great philosophers’ 
had not the assistance of these numerous cir- 
cumstances and observations which have been 
acquired and collected in our days, and which 
are so wellestablished that it appears more than’ 
probable that the earth, as well as the planets,’ 
were projected out of the sun, and béing con- 
sequently of a like matter, which was at first'in 
a state of liquefaction they obeyed the centri- 
fugal power, at ihe same time that it collected 
itself together by that of attraction, which has 
given a round form-to all the planets under the 
equator, and flattened under the poles, on ac: 
count of the variety of their rotation; that af- 
terwards this fire being gradually dissipated, 
the benign temperature, suitable to organized 
nature, succeeded in different planets accord- 
ing to the difference of their thickness or den- 
sitys - If there should be other particular 
~ causes of heat assigned for the earth and pla 
nets, which might combine with those whose 
effects we have calculated, our results are not 
less curious, nor less useful to the advancement 
of science; and we shall here only observe, 
that those particular causes may prolong the 
time of the refrigeration of the globe, and the 
duration 
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duration ofliving nature, beyond the terms we 
bave indicated. 

But I may be asked is this Theory Ar, as 
well founded in every point which serves for. 
its basis ; is i cettain, according to your ex- 
periments, that a globe, as large as the earth, 
and composed of the same matters, cannot re- 
frigerate from incandescence to actual tempe- 
rature in less than 74,000 years, and that in 
order to become heated to the point of incan- 
descence a 15th of this time, that is 5000 years, 
would be required: and also that it should be 
surrounded all that time by the most violent 
fire ; ifso, there are as you say strong prestimp- ~ 
tions that this great heat of the earth could not 
have been communicated to it from a distance, 
and that consequently the terrestrial matter 
formerly made a part'of the mass of the sun ; 
but it does not appear equally proved that the 
heat of.this body on the earth is at present but 
ds part of the heat of the globe. The testimony 
of our senses seems to refute this opinion, 
which you lay down as a certain truth, foral- 
though we cannot doubt that the earth has an 
innate heat, which is demonstrated by its al- 
ways equal iemperature, in all deep places 
where the coldness of the air cannot communi- 
gate; yet does-it result that this heat, which 
| _ appears 
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appears of moderate, temperature, is greater - 
than that ofthe sun which seems to burn us?) 
To all these objections I can give full satis- 
faction, but let us first reflect on the nature of 
our sensations. : À very slight, and often im 
perceptible, difference in due! causes which 
affect us, produces considerable-ones in their 
effects. Is there any thing which comes nearer: 
to extreme pleasure than grief? and who cari 
assign the distance between the lively irritation 
by which we are moved with delight, and the 
friction which gives us pain? between the fire 
which warms and that which burns? betwee 
the light which is agreeable to our sight and 
that which blinds us? between the ‘savour 
which pleases ‘our taste and that which is dis+ . 
agreeable ? between the smell of which 4 smalk 
quantity will at first be agreeable and yet: | 
soon after create nausea? We must therefore 
cease from being astonished that: a small aug- 
mentation of heat, such as 4; er appear 
so striking. a 
I do not pretend pot y do assert tthat the : 
innate heat of the earth is really 49 times | 
greater than that which comes :to.it from the 
sun : for as the heat of theglobe belongs to all - 
terrestrial matter, we ‘have: n6° means ‘of 
separating it, nor consequently any. sensi- 
ble 
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Buteven ifthe solar heat be greater or smaller 
than we have supposed, relative to the terres- 
trial heat, our theory would only alter the pro-, 
portion of the results. 

For example, if we include the whole extent 
of our sensations of the greatest heat to the 
greatest cold, within the limits given by the 
observations of M, Amontons, that is, between 
seven and eight, and at the same time suppose 
that the heat of the sun can alone produce this 
difference of our sensations, we shall from 
thence have the proportion of 8 to 1 of the in- 
nate heat of the terrestrial globe to that which 
‘proceeds from the sun; and consequently the 
compensation which this heat of the sun ac- 
tualiy makes on the earth, would be 1 and the 
compensation which it made in the time of in- 
candescence will have been ,1,: adding toge- 
ther these two terms, we have 26 which mul- 
tiplied by 124, the half of the sum of all the 
terms of the diminution of heat, gives 325 or 
§ for the total compensation made by the sun’s 
heat during the ihe period of 74047 years of 
the refrigeration of the earth to actual tempe- 
‘rature. And as the total loss of the innate 
heat is to the total compensation:in the same 
ratio as the time of the period of refrigeration, 
VoL. xX. Q q we 
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we shall have 25 : 1 5 : ; T4047: 4813 ,4, so 
that. the refrigeration of the globe of the earth 
instead of having been prolonged only 770 
years, would have been 4813.4, years; which 
joined to the longest prolongation, the heat of 
the moon would also produce in this supposi- 
tion, would give more than 5500 years. 

: If we adopt the limits laid down by M: de 
: Marian, which are from 31 to 32, and suppose 
that the solar heat is no more than #; of that 
of the carth, we shall have only i of this pro- 
longation, about. 1250 years, instead of 770, 
which gives the supposition of 45 which we 
have adopted. 

But if we suppose that the sun is heat is only 
zip of that of the earth, as appears to result 
from the observations made at Paris, we should 
have for the compensation of the incandescence 
sso and 4, for the compensation to the end 
of the period .of 7407 years of the refrigeration 
of the terrestrial globe to actual temperature, 
and we should find 47, for the total compensa- 
tion made by the heat of the sun during this 
period, which. would give only 154 years, or 
the 5th part of 770 years for the time of the 
prolongation of refrigeration. And likewise, 
ifin the place of 4, we suppose that the solar 
heat was + of the Hayedifid, , we should find 

that 
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that the time of prolongation would be five 
times longer, that is 3&5) years ; so that the 
more We endeayour to increase the heat which 
comes to us from the sun relative to that which 
emanates from the earth, the more we shall ex- 
tend the duration of nature, and date the an- 
tiquity of the earth further back; for by sup- 
posing the heat of the sun was equal to the in- 
nate of the globe, we should find that the time 
ot prolongation would be 38504 years, which 
_iconsequently givesthe earth a greater antiquity 
of 58 or 39000 years. 
_. If we cast our eye on the table which M. de 
- Mairan has calculated with great exactness, 
and in which he gives the proportion of the 
heat which comes to us from the sun, to that 
which emanates from the earth in all climates, 
we shall discover a well attested fact, which is, 
that in all climates where observations:have 
been maïle, the summers are equal, whereas 
the winters are prodigiously unequal; this 
Jearned naturalist, attributes this constant equa- 
lity of the intensity of heat in summer in all 
climates to the reciprocal compensation of the 
solar heat, and from the heat of the emana- 
tions of the central fire. 
All naturalists who have eniployed them- 
| selves 
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selves on this subject agree with me that the 
terrestrial globe possesses of itselfa heat inde- 
pendently of that which comes from the sun. , 
Is it not evident that this innate heat should be 
equal at every place on the surface of the globe, 
-and that there is no other difference in this re- 
spect than that which results from the swelling 
of the earth at the equator, and of its flatness 
under the poles? A difference, which being in 
the same ratio nearly as the two diameters, 
does not exceed =4,, so that the innate heat of 
the terrestrial spheriod. must be 51,5 times 
greater under the equator than under the poles. 
The deperdition which is made, and the time 
of refrigeration must, therefore, have been 
quicker, or more sudden, in the northern cli- 
mates, where the thickness of the globe is not 
so great as in the southern climates, but this 
difference of =1, cannot produce that of thein- 
equality of the central emanations, whose rela- 
tion to the heat of the sun‘in winter being 
equal 50 to 1 in the adjacent climates to the 
equator, is found double to the 27th degree, 
triple to the 55th, quadruple to the 40th, ten- 
fold to the 49th, and 35 times greater to the 
60th degree of latitude. This cause, which 
presents itself, contributes to the cold of the 
northern 
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‘northern climates, but itis insufficient for the 
effect of the inequality of the winters, since 
‘this effect would be 55 times greater than its 
cause to the 60th degree, and eyen excessive in 
climates nearer the poles ; at the same time it 
would inno part be proportional to this same 
cause. 

On the other hand there is not any founda- 
tion for supposing thatin a globe which has re- 
ceived, or which possesses a certain degree of 
‘heat, there might besome parts of it much col- 
der than otbers. Weare sufliciently acquaint- 
ed with the progress of heat and the pheno- 
mena of ils communication, to be convinced | 
that it is every where distributed alike, since 
by placing a cold body on one that is hot, the 
datter will communicate to the cther sufficient 
heat to render heat of the same degree of tem- 
perature in ‘a short time. It must not, there- 
fore, be supposed that towards the polesthere 
are strata of colder matters less permeable to 
the heat than in other climates, for of whatever 
nature they may be supposed to be, experience 
has demonstrated that in a very short time 
they would become as hot as the rest. 

It is evident that great cold in the north does 
not proceed from these pretended obstacles 
“which might oppose themselves te the issue of 
heat, nor from the sligut difference which that 


of 
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ofthe diameters of the terrestrial spheroid must 
produce ; but it appears to me, aftér much re- 
fection upon it, that we ought to attribute the 
equality of the summers, and the great inequa- 
lity of the winters toa much moresimple cause, 
but which, notwithstanding, has escaped. the 
notice of all naturalists. | 
ft is certain that as the nâtive heat of the 
carth is much greater than that which comes 
to it from the sun, the summers ought to appear 
nearly equal every where, because this samte- 
heat from the sun makes only a small augmen- 
tation to the stock of real heat which the earth 
possesses ; and consequently if this heat issue 
ing from thesun, be only 45 of the native heat 
ofthe globe, the greater or less stay of it on the 
horizon, its greater or less obliquity on the cli- 
mate, and even its total absence, would only 
produce one-fifticih difference on the tem pera- 
ture of the climate, and hence the summers 
must appear, and are, in fact, nearly equal in 
all the-climates of the earth. But what makes 
the winters so very unequal is the emanations 
of this internal heat of the globe being ina 
great measure suppressed as soon as the cold 
and frost bind and consolidate the surfacé of 
the earth and waters. 
This heat which issues from the globe, de- 
ereases in the air in proportion, and in the 
ae ’ same ‘ 
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same Tatio as the space increases, and the sole 
condensation ofthe air by this cause is suflicient, 
to, produce cold winds, which acting against 
the surface of the earth, bind and freeze it. 
As long as this confinement of the external, 
strata.ofthe earth remains, the emanations of 
the internal heat are retained, and the cold ap- 
pears to he, nay in fact is, very considerably 
increased by this suppression of a part of this 
heat; but as soon as the air becomes milder, and 
the superficial strata, of the globe loses its ri- 
gidity, the heat, retained all the time of the 
frost, issues out in. greater abundance than in 
climaies where it does not freeze, so that the 
sum of the emanations of the heat becomes 
equal and every where alike ; and this is the 
reason that plants vegetate quicker, and the 
harvest is reapedän much less time in northern 
countries; and for the same reason it is, that 
often. at the beginning of summer we feel such 
considerable heats. 

Ifthere were any doubt of the suppression of 
the emanations of the internal heat by the ef- 
fect of frost, we might easily be convinced of 
the fact; for it is a circumstance . universally 
known, that afier a frost, we may perceive 
snow to thaw in pits, acqueducts, cisterns, 
quarries, subterraneous vaults or mines, when 
… even these depths, pits or cisterns, contain ne 
water » 
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water; the emanations of the earth having 
their free issue through these kinds of vents, 
the ground which covers this top is never fro- 
zen so strong as the open land; to the emana- 
tions, it permits their general course, and their 
heat is sufficient to melt the snow, especially in 
hollow places, at the same time that it remains 
on all the rest of the surface where the earth is 

not excavated. | 
This suppression of the emanations of the na- 
tive heat of the earth is not only made by the - 
frost, but likewise by the simple binding of the 
earth, often occasioned by a less degree of cold 
thau that which is necessary to freeze the sur- 
face ; there are very few countries where ‘it 
freezes in the plains beyond the 35th degree la- 
titude, particularly in the northern hemisphere. 
It appears, therefore, that from the equator, as 
far as the 35th degree, the emanations of the 
terrestrial heat having always their free issue, 
there ought to be in that part litile or no dif- 
ference between winter and summer, since this 
difference proceeds only from two causes, both 
too slight to produce any sensible effect. ‘The 
first cause is the difference of the solar action, 
but as this action is itself much smaller than 
that of the terrestrial heat, its difference is too 
inconsiderable to be regarded as any thing. 
The second cause is the thickness of the globe, 
which 
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which towards the 35th degree, is near =3,th 
part less thanat the equator, but even this dif- 
ference can only produce a very slight effect, 
since at 35 degrees the relation of the emana- 
tions of the terrestrial to the solar heat is in 
summer from 33 to 1, and in winter from 153 
to 1, which gives 186 to2cr93tol. From 
hence it can only be owing to the consolidation 
of the earth occasioned by the cold, or evento 
the cold produced by the durable rains which 
fall in these climates, that we can attribute this 
difference between winter and summer; the 
binding of the earth by cold suppresses a part 
of the emanations of the internal heat, and the 
cold, always renewed by the fall of rain, di- 
minishes its intensity ; these two causes, there: 
fore, together produce the difference between 
winter and summer. 

After having proved that the heat which 
comes to us from the sun is greatly inferior to 
the native heat ofour globe; after having ex- 
plained that, by supposing it only , part, the 
- refrigeration of the globe to actual temperature 

cannot be made but in 75,852 years; after 

having demonstrated that the time of this re- 
frigeration would still be longer, if the heat 
sent from the sun to the earth were in a greater 
relation, namely, of .2, or -1, instead of <i, we 
VoL. x. Rr , cannot 
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cannot beblamed for having adopted that pro- 
portion which appears the most plausible from.’ 
physical reasonings, and at the same time the 
most probable, as it does not extend too far 
back the time of the commencement of nature, 
which we have fixed at 37 or 38,000 years, 
sesh itfrom the first day. 

"I nevertheless acknowledge that this time, 
all considerable as it is, does not appear suffi- 
ciently long for certain changes, certain suc- 
cessive alterations, which Natural History de- 
monstrates to have taken place, and which 
seem to have required a still longer course of 
centuries ; and from which I should beinclined 
to imagine, that, in reality, this time would be 
increased perhaps double if every phenomena 
were completely investigated; but I have con- 
fined myself to the least terms, and restrained 
the limits of time as much as possible, with- 
out contradicting facts and experiments. 

- This theory, perhaps, may be attacked by 
another: objection, which it is right to guard 
against. It may be told me that I have sup- 
posed, after Newton, the heat of boiling water 
to be three times greater than that of the sun 
in summer, and iron heated red-hot eight times 
greater than boiling water, that is, 24 or 25 


times greater than that of the actual tempera- 
ture 
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ture of the earth, and that there is something 
hypothetical in this supposition, on which I 
have founded the second basis of my calcula- 
tions, whose results would be, without doubt, 
very different if this red heat of iron, er glass 
in ineandescence, instead of being, in fact, 25 
times greater than the actual/tieat of the 
globe, were, for example only 5 or 6 times 

as great. us | | 
The better to feel the force of this objection, 
let us make a calculation of the refrigeration 
of the earth, upon the supposition that in the 
time of incandescence it was only five times 
hotter than it is according to our calculations ; — 
this solar heat, instead of a compensation of 
+ would have only made the compensation 
of 1, in the time of incandescence, these two 
terms added together gives 35, which multi- 
plied by 23, the half of the sum of all the 
terms of the diminution of heat, gives 75, for 
the total compensation which the heat of the 
sun has made during the whole period of the 
deperdition of the innate heat of the globe, 
whichis 74047 years: therefore we shall have 
215, :: 74047: 588 44 from which we see 
that the prolongation of refrigeration, which 
for a heat 28 times greater than actual tempe- 
rature, has been only 770 years, should have 
been 
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been 888 34, in the supposition that this first 
heat should have been only five times greater | 
than this actual temperature. This alone 
shews us that if we even suppose this primitive 
heat below 25, there would only be à longer 
prolongation of the refrigeration of the globe, 
and that alone appears to me sufficient to 
satisfy the objection. 

It may likewise be said, “‘ you have UE 
lated the duration of the refrigeration of the 
planets, not only by the inverted ratio of their 
diameters, but also by the inverted ratio of 
their density ; this might be well founded if we 
could imagine that in fact there exists matter 
whose density is as different from that of our 
globe : but does it exist? What, for example, 
will be the matter of which Saturn is composed, 
since its density is more than five times less 
than that of the earth? 

To this I answer, that it would be very easy 
to find, in the vegetable class, matters five or 
six times less dense than a mass of iron, mare 
ble, hard calcareous stone, &c. of which we 
know that the earth is principally composed ; 
but without quiting the mineral kingdom, and 
considering the density of these five matters, 
we have 21 $3 for iron, 8+} for white marble, 
for gres 7 34 for common sind and calcare- 
ous stone 72e ; taking the mean term of the 

br densities 
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densities of these five matters, of which the 
terrestrial globe is principally composed, we 
find its density to be 102,. It is therefore re- 
quired to find a matter whose density is in the 
relation of 189 to 1000 density, which is the 
same as that between Saturn and the Earth. 
Now this matter might be a kind of pumice 
stone, somewhat less dense than common pu- 
mice stone, whose relative density is here 14§ ; 
whence it appears that Saturn is principally 
composed of a light matter similar to pumice 
stone. i 

So likewise the density of the Earth being 
to that of Jupiter as 1009 to 292, we must 
suppose that Jupiter is composed of a more 
dense matter than pumice stone, but much less 
dense than chalk. 

The density of the Earth being to that ofthe 
Moon as 1000 to 702, this secondary planet 
appears composed of a matter whose density 
is not quite so great as that of hard calcareous 
stone, but more so than soft, | 

The density of the Earth being to that of 
Mars as 1000 to 730, this planet must be com- 
posed of a matter somewhat more dense than 
that of gres, and not so great as that of white 
marble. 

But the density of the Earth being to that of 


Venus as 1000 to 12700, it may be supposed 
| that 
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that this planet is chiefly composed of a more 
dense matter than emery, and ice dense than 
zinc. 

Finally, the density of the Earth. being to 
that of Mercury : : 1000 ::2040, or : : 103,+ 
20,2653, it must be thought that this planet is 
composed of a matter less dense than i iron but 
more so than tin, | 

To the question, how can animated rise 
which you suppose every where established, 
exist in planets ofiron, emery, or pumicestone? - 
I shall answer, by the same causes, and by the 
same means as it exists on the terrestrial globe, 
although composed of stone, gres, marble, 
iron, and glass. There are other planets like 
our globe, whose principalis one of these mat- 
ters; bit the external causes will soon have 
altered its superficial strata, and according to 
the different degrees of heat or cold, dryness or 
humidity, they will ha. e converted this matter 
into a fertileearth proper to receive the seeds | 
of organized natere, which only needs heat and 
moisture to develope itself. 

Having answered the most obvious objec- 
tions, it is necessary now to explain the facts, 
and observations, by which we are assured that 
the sun is only an accessory to the real heat, 

which continually emanates from the globe of 
; | the 
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the earth; and it will be just, at the same 
time, to see how comparable. thermometers 
have taught us: in a certain manner that the 
heat in summer is equal in all the climates of 
the earth, excepting Senegal, and some other 
parts of Africa, where the heat is anealer than 
elsewhere. 

It may be incontestibly Se a that, 
the light, and consequently the heat of the 
sun, emitted on the earth in the summer, is 
very great, comparatively with that emitted by 
the same body in winter; and yet, by very 
exactand reiterated observations , the difference. 
of the real heat of the sun in summer is very. 
small. This alone would be suflicient to prove 
that the heat of the sun makes only a small 
part of that of the terrestrial globe; but in ad- 
dition to this M. Amontons, by receiving the 
rays of the sun on the same thermometer in 
summer and winter, observed that the greatest 
heat in summer in our climate differs from the 
cold in winter, when the water congeals, as 
only 7 differs from 6; whereas it can be de- 
monstrated that the action of the sun in sum- 
mer is about 66 times greater than that of the 
sun in winter; it therefore cannot be doubied, 
that there is a fund of very great heat in the 
terrestrial globe, on which, as a basis, the de- 

| grees 
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grees of heat arise, and that at the surface it 
does not give a greater quantity of heat than 
that which comes from the sun. 

If it be asked, how we can then assert that 
the heat in summer is 66 times grater than that 
in winter in-our climate? I cannot give a bet- 
ter answer than by referring to the memoirs 
given by the late M. de Mairanin 1719, 1722, 
and 1765, and inserted in those of the Aca- 
demy, where he examines, with a scrupulous 
attention, the vicissitudes of summers in dif- ~ 
ferent climates; the various causes for which 
may be reduced to four principalones: 1. The 
inclination under which the light of the sun 
falls according to the different height of the 
sun on the horizon; 2dly. The greater or less 
intensity of light in proportion as its passage 
in the atmosphere is more or less oblique; 
fdly. The different distance of the earth 
to the sun in summer and winter; and 
Aihly. The inequalities of the length of days 
in different climates. By the principle that 
heat is proportional to the action of light it 
will be easily demonstrated, that these four 
united causes, combined and compared, 
diminish with respect to our climate, this 
action of the sun’s heat in a ratio of about 
66 to 1 between the summer and the winter 

solstice ; 
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solstice ; and this theoretical truth may be re 
garded as certain, as the second truth from 
experience, and which demonstrates, by the 
observations of the thermometer, immediately 
exposed to the sun’s rays in winter and sum- 
mer, that the difference of real heat in these 
two is, nevertheless, at most only from 7 to 6; 
I say at most, for this determination given by 
M. Amontons is not nearly so exact as that 
which has been made by M. de Mairan, who, 
after a great number of final observations, 
proves that this relation is only as 32 to 31. 
What, therefore, must indicate this prodigious 
inequality between these two relations of the 
action of the solar heat, in summer and winter, 
‘which is from 66 to 1; and of that of the real 
heat, which is only from 32 to 31? Is it not 
evident that the innate heat of the globe of the 
earth is considerably greater than that which 
comes to us from the sun ? It appears, in fact, 
that in the climate of Paris this heat of the 
earth is 29 times greater in summer, and 491 
times greater in winter than that of ths sun, as 
M. de Mairan has determined it. But I have 
already said that we must not conclude, from 
_ these two combined relations, the real one of 
the beat of the globe of the earth to that 
which comes from the sun, and I have given 
reasons which have determined me to suppose 
VOL. X. Ss that 
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that we may estimate this heat of the sun 49 
times less than the heat which emanates fron: 
the earth. 

From the year 1701 to 1756 inal iala 
variety of observations were made with ther- 
mometers, and the following were the results : 
The greatest degree of heat, and of cold, whieh 
was experienced at Paris in each year was col- 
lected; a total of these was made, and it was 
found that the mean estimate, in‘all the ther- 
mometers, reduced to Rheaumur’s division, 
was 1026, for the greatest heat in summer, that 
is 26 degrees above the freezing point ; and 
that the mean degree of cold in winter, during 
those 56 years, was 994, or G degrees below 
the freezing point of water, whence we con. 
cluded that the greatest heat in our summers 
at Paris differs from the greatest cold of our 
winters only #;, since 004 : 1096 :: 31: 92; 
and it was on this foundation that we stated 
the latter to be the relation of the greatest heat 
to the greatest cold. But it may be objected 
against the precision of this valuation, the de- 
fect of the construction of the thermometer, 
and Rheaumur’s division (to which we have 
here reduced the scale of all the rest); and 
this defect is extending only 1000 degrees be- 
tow that of ice, as if 1000 degrees werein fact, 
that of absolute cold, whereas absolute cold 

doe. 
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does not exist in nature; and that of the smallest 
heat should be supposed 10,000 instead of 
1000, which would alter the thermometer’s 
gradation. It may likewise be said that it is 
possible allour sensations between the greatest 
heat and the greatest cold are comprised in as 
small an interval as that of a unit on 52 of heat, 
but that the voice of judgment seems to be 
raised against this opinion, and tells us this 
limit is too confined, and that it is much easier 
toreduce this interval than to give it an cighth, 
or aseventh instead of a thirty-second. 

But be this valuation as it may, there can 
be no doubt of the truth of these facts which 
we have drawn from our observations, for in 
the same manner as we found, from the com- 
parison of 56 successive years, the heat of sum- 
mer at Paris 1026, or 25 degrees above the 
freezing point, we also found, with the same 
thermometers, that the heat in summer was 
1026 in every climate of the earth, from the 
equator to the polar circle ;* at Madagascar, in 
the islands of France and Bourbon, Roderigo, 
Siam, and the East-Indies ; at Algiers, Malta, 
_ Cadiz, Montpelier, Lyons, Amsterdam, Upsal, 

Petersburgh, and as far as Lapland, near the 
polar 


* See the Memoirs of Rheaumur in those of the Aca- 
demy (year 1735 and 1741), and also of the Memoirs of 
M. de Mairan in these of the year 1765, p. 213, 
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polar circle. At Cayenne, Peru, Martinico, 
Carthagena in America; at Panama; i short, 
in allthe climates of the two hemispheres and 
continents where observations could be made, 
it has been constantly found that the liquer of 
the thermometer rose equally to 25, 26, or 27 de- 
grees inthe hottest days in summer; and hence 
ensues the incontestible fact of the equality of 
heat in summer in all climates of the earth. 
There are indeed some exceptions, for at Sene- 
gal, and some few other places, the thermo~ 
meter rises 5 or 6 degrees higher, to 3 or 32 
degrees; but that arises from accidental and 
local causes, which do not alter the truth of the 
observations, nor the certainty of the general 
fact, which alone might demonstrate to us, that 
there really exists a very great heat in the ter- 
restrial globe, that the effect, or the emañna- 
tions, of which are nearly equal in all the 
points of its surface, and that thesun, very far 
from being the only sphere of heat which ani- 
matés nature, is at best only the regulator. 
This important fact, which we consign to pos- 
terity, will enable it to discover the real pro- 
gression.of the diminution of the heat of the 
terrestrial globe, which we have been only able | 
to determine ina hypothetical manner. Ina 
few centuries, I am confident it will be found 
| that 
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that the greatest heat of summer, instead of 


raising the liquor of the thermometer to 26, 
will not raise it to more than 25, or 24; and 
from this effect, which is the result of all the 
combined causes, a judgment may be formed 


of the value of each of the particalar causes, 


which: produce the total effect of heat on the 
surface of the globe; for the heat which be- 

longs to the earth, and which it has possessed 

from the time of incadescence, has very con- 

siderably diminished, and will continue to di- 

minish with’ the course of time: this heat is 

independent of that which comes from the sun; 

the latier may be looked upom as cotistant, and 
consequently in futurity will make a greater 

compensation than at present. To the loss of 
this innate heat of tbe globe there are two 

other particular causes, which may add a con- 

siderable quantity of heat tothe effect of the 

two first, the only ones we have as yet takei, 
notice of. 

+ One of these particular causes proceeds, in 
some measure, fromthe first general cause, and 
may add something to it. It is certain that 
during the time of incadescence, and indeed 
all the subsequent ages till that of the refrige- 
ration of the earth, not any\of the volatile 
matters could reside at the surface, or even in 

the 
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the internal part, of the globe; they ‘were? 
raised and dispersed in the form of vapours,and | 


could not deposit themselves but suecessively 
in proportion as it cooled, by which means some 
of these matters have penetrated through the 


clefts and crevices of the earth to great depths, 


inan infinity of places; and this is the primitive 


foundation of volcanos, which are all found in: 
lofty mountains, were the clefts of the earth 


are so much the greater as these points of the 
globe are more projecting and isolated. ‘This 


deposit of the volatile combustible matters of 


the first ages will have been greatly augmented 
by the addition of every combustible matter 
which has been subsequently: formed. Pyrites, 


sulphurs, coal, bitumen, &c. have penctrated: 


into the principal cavities of the earth, and 
produced almost every where great masses of 


inflammable matters, and often conflagrations, : 


which have been manifested by earthquakes, | 
erruptions of volcanos, and by thehot springs 
which flow from mountains, or run internally 
in the cavities of theearth. It may, therefore; 


be presumed that these subterraneous fires,” 


some of which burn without explosion, and 
others with great noise and violence, somewhat 
increase the general heat of the globe. Never- 
theless this addition of heat can be only very: 

slight, 
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slight, for it has been observed that it is nearly 
as cold on the top of volcanos as on the top of 
‘other mountains of the same height, except at 
the very time when the volcano throws cut in- 
‘flamed vapours or burning matters. 

The second cause, which seems not to have 
been thought of, is the motion of the moon 
roundihe earth. This secondary planet per- 
forms its evolution round the earth ia 27 days 
and one third, and being 85,525 leagues dis- 
tance, it goes over a circumference of 536,329 
leagues in this space of time, which makes a 
motionof 817 leagues in an hour, or from 15 
to 14 leagues in a minute. Although this rout 
is, perhaps, the siowest of ali the celestial bo- 
dies, yet it is rapid enough to produce on the 
earth, which serves for the axis or pivot to this 
motion, a considerable heat by the. friction 
which results from the weight and velocity of 
this planet. But it is not possible to estimate 
the quantity of heat produced by this exterior 
cause, because hitherto we have had nothing 
which might serve us fora term of comparison. 
But if we ever can discover the number, mag- 
nitude, and velocity, of all the planets which 
circulate round the sun, we shall then be able 
to judge of the quantity of heat which the 
moon can give to the earth, by the much 

3 greater 
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greater quantity of fire which all these vast bo- 
dies excite in the sun. : For my own part Lam 
greatly inclined tothink that the heat produc- 
ed by this cause in the globe of the earth, 
formsa very considerable part of itsown heat : 
and that, in consequence, we must still extend 
the limits of time for the duration of nature. 
But let us return to our principal object.: ~~ 
We have observed that the summers are very 
nearly equal in all climates.of the earth, and 
that this truth is founded on incontestible’ 
facts ; but it is not the same with respect to 
winters ; they are very unequal, and vary in 
different climates, as we remove further from 
that of the equator, where the heat in winter 
and summer is nearly the same. I think I 
have already explained in a satisfactory. man- 
ner the cause of this, viz, the suppression of the 
terrestrial heat. This suppression is, as I 
have said, occasioned by thecold winds, which 
fall from the air, bind the earth, freeze the 
waters, and shut up the emanations of the 
terrestrial heat during the time the frosts re- 
main ; $0 that itis not at all surprising that the 
cold in winter is in fact so much the greater 
as we advance further towards the climates 


where the mass of air, receiving the rays 
of 


eo + 
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of the sun more obliquely is for that reason 


colder. . 


: But with respect to the cold as well as to 
the heat, there aresome countries which are an 


exception to the general rule. At Senegal, 


‘Guinea, Angola, and probably in every 


country where the natives are black, as in 
Nubia, the country of the Papous, New Gui- 


hea, &c. it is certain that the heat is greater 


there than in any other part of the earth; but 
this arises from local causes and therefore in 
those particular climates where theeast wind 
reigns during the whole year, passes over a 
very considerable track of land, and receives 
a scorching heat before it arrives tothem, it is 


hot surprising that the heat is found 5, 6, and 


even 7 degrees greater than it is elsewhere. 


.The excessive colds of Siberia, are also to be 


attributed to that part of the surface of the 
globe being much higher than that which sur- 


roundsit. ‘ Thenorthern Asiatic countries 


(says the Baron Strahlenberg in his description 
of the Russian Empire) are considerably more 


elevated than the European. They are like 
atable, in comparison of the bed on which 


they appear so be placed ; for on coming from 


‘the west and leaving Russia, we pass to the 


east by the mountains Ripha and Rymnikas 


Voki x. 1t to 
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‘to enter Siberia, and constantly advance to an 
ascent.” ‘There are many places in Siberia, 
‘says M. Gmelin, which are not less elevated 
above the rest of the earth, nor less remote 
from its centre, than are many high moun- 
tains in many other regions.” These plains of 
Siberia, appear, in fact, to beas high as the 

‘summit of the Riphean mountains, on which — 
the ice and snow do not wholly melt during 
summer ; and if the same effect do not hap- 
pen in the plains of Siberia, it is because they 
are less detached, for this local circumstance 
also adds much tothe duration and to the in- 
‘tensity of cold and heat. A vast plain once 
made hot will retain its heat longer than a de- 
tached mountain, though both are alike ele- 
vated; and for the same reason the mountain 
once cooled will retain its snow or ice Ton- 
ger than the plain. i . 
But if we compare the excess of heat with 
that of cold produced by these particular and 
local causes, we shall be surprized to find, that 
in Senegal, &c. where the heat is greatest, it ne- 
ver exceeds seven degrees beyond the summer 
heat in other countries, which is 26 degrees. 
above the freezing point, while on the contra- 
ry, the colds of Siberia sometimes reach 60 or 
70 degrees below it, and that at Petersburgh, 
hee a © Upsal, 
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Upsal, &c.underthe same latitude as Siberia, 
the greatest cold is not more than to 25,or 26 
degrees below the freezing point; therefore, 
we must conclude, that theselocal causes have 
much more influence in cold than in hot.cli- 
mates. Although we cannot pretend to deter- 
mine what this great difference in the excess 
of cold and heat may produce,yet by reflecting 
on it, it appears that we may easily conceive 
the reason of this difference. The auwmenta- 
tion ofthe heat in such a climate as Senegal 
can only proceed from the action of the air, — 

the nature'of the soil, and the depression of 
the eround; fortliis country being almost ona 
level withthe sea, it is in a great measure co- 
veréd with scorching sands, over which an 
&asterly wind continually blows ; this, instead 
of refreshing the air, orily renders it more burn- 
ing, because it traverses over more than 2000 
leagues of land in its way, and consequently 
acquires a considerable degree of heat. But 
di such countries as Siberia, where the plains 
are éleyated like the summits of mountains 
above the Jevel ofthe rest of the earth, this 
sole differerice of elevation must produce an ef- 
fect proportionally greater than the depression 
of the ground of Senegal, which cannot be — 
‘supposed mote than that of the leyel of the 
SCA 3 
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sea; for if the plains of Siberia be only elevats 
ed 4 or 500 fathoms above the level of Upsal, 
or Petersburgh, we must cease from being as- 
tonished that the excess of cold is so: great 
there ; sincethe heat which emanates from the 
earth, decreases at each point as the space in- 
creases, and this elevation of the ground alone 
suffices to explain this great difference of cold 
under the same latitude. | 
On this point there remains only one ceeds 
ing question. Men animals, and plants, may, 
for some time, support the rigour of this cold, 
. which is 60 degrees below the freezing point ; 
but could theyalso support a heat which should 
be 60 degrees above it ? To this we answer, 
yes, provided we knew as well how to guard 
against the heat as we do to shelter ourselves 
from the cold ; and ifthe air could, during the 
‘yemainder of the year, refresh the earth, in the 
same manner as the emanations of the heat of 
the globe warms theair in cold countries. We 
know of plants, insects, and fish, which live 
‘and grow in baths of 45, 50, dud even 60 de- 
grees of heat ; there are, therefore, species in 
living nature which can support this degree 
of heat ; and as the negroes are in. the human 
race those whom a strong heat the least in- 
commodes, might we not conclude, according — 
to 
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tothis HY pothesis) that the earth has continued 
to decline from its original heat, and that the 


race of negroes are more ancient than that of 
white people? 


GENERAL VIEWS OF NATURE. 


FIRST VIEW. 
Ras 


NATURE is that system of laws established 
by the Creator for regulating the existence of 
bodies and the succession of beings. Nature 
is therefore not-a body, for if it were so, it 
would comprehend every thing; neither is ita 
being, for in that case it would necessarily be 
God. We must rather consider Nature as an 
- immense living power, which is in subordina- 
tion to the Supreme Being, and by his com- 
mand animates the universe, and whose actions 
are dependent on, and continued by, bis con 
currence or consent. This power is that part 
of Divine omnipotence which is manifested to 

mankind ; 
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mankind; itis the cause and effect, the mode 
and substance; the designand execution. Exe 
tremely different from.all human art, whose 
productions are inanimate, Nature is herself a 
work perpetually alive, an active, an unceas- 
ing operator, who knows how to make use of 
every material, and whose power, though al- 
“ways employed on the same in variable plan,in- 
stead of suffering diminution, is perfectly in- 
exhaustible : time, space, and matter, are her 
means ; the universe her. aioe and motion 
and life her end. 

Every object in the universe is the effect of 
this power. Those springs which she makes 
use of are active forces which time and space 
can only limit but.can never destroy; forces 
“which unite, balance, and oppose, but areinca- 
pable of annihilating each other. Some pee 
netraie and ‘connect bodies, others heat and 
animate them. It is principally by attrac- 
tion and impulsion, that this. power. acts 
upon brute matter, while heats and organic 
molecules are her chief active agents, which 
she employs in the formation and exjan- 
sion of organized beings. Aided by suchin- 
struments, how can the operations of Nature 
be limited? She only wants the additional 
power to create and annihilate to, become omni- 


Patent, But these two extremes the Almighty 
has 
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has reserved to himself alone; the power of 
creating and annihilating are his peculiar at- 
tributes; whilethat of changing, destroying, 
unfolding, renewing, and producing, are the 
only privileges he has conferred on this or any 
other agent. Nature, the minister of his érre- 
vocable commands, thedepositary of his immu- 
table decrees, never deviates from the laws he 
has prescribed to her; she never changes any 
part of his original plan, but in all her opera- 
tions she exhibits the will and design of the 
eternal Lord of the universe. This grand de- 
sion, this unalterable impression of all exist- 
ence, is the model upon which she invariably 
acts; a model of which all the features are so 
strongly impressed, that they can never be 
effaced; a model which the infinite number 
of copies, instead of impairing, only serve to 
renew. 

We may therefore affirm that every thing 
has been created, but nothing annihilated ; 
Nature acts between the two without ever 
reaching either the one or the other. [ft is in 
some points of this vast space, which she has 
filled and traversed from the beginning ofages, 
that we must endeavour to lay hold of her to | 
bring her into view. ; 

Whatan infinity of objects, compreliending 
an infinity of matter, which would have beer 

created 
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-created in vain, had it not been divided into 
portions, separated from each.other by almost 
inconceivable spaces! Myriads of luminous 
globes, placed at immense distances, are the 
bases which support the fabric of the universe, 
and millions of opaque globes, which circu- 
late round them, constitute the moving order of 
its architecture. By two primitive forces, each 
of which are in continual action, these masess 
are revolved and carried through the immen- 
sity of space ; and their combined efforts pro- : : 
duce the zones of the celestial spheres, and in 
the midst of vacuity establish fixed stations, and 
regular routes and orbits. From motion pro- 
ceeds the equilibrium of worlds, and the repose 
of the universe. The first of these forces is 
equally divided, but the second is separated in 
unequal proportions. Every atom of matter 
contains the same degree of atiractive force, 
- while every individual globe has a different 
quantity of impulsive force assigned to each. 
Ofthe stars, some are fixed and others wan- 
dering ; some globes appear formed to attract, 
and others to impel or be impelled. Some 
spheres have received a common impulsion in 
_ the same direction, and others a particular 
impulsion. Some stars are alone, and others 
are attended by satellites ; some are luminous; 


au 
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and others opaquemasses. There are planets 
whose different parts successively enjoy a bor- 
rowed light, and there are comets which, after 
being lostin theimmensity of space for several 
ages, return to receive the influence of the solar 
heat. . There are somé suns which appear and 
disappear as*if they were alternately kindled 
and extinguished ; and there are others which 
merely shew themselves’ and then are seen no’ 
more. Heaven abounds ‘with great évents, 
which the human eye is scarcely able to per- 
ceive. À sun which expires and annihilates 
a world, or system of worlds, has no other 
effect upon the eyes of man than an ignis- 
fatuus, which gives a transitory blaze and 
then vanishes for ever. Man, confined to the 
terrestrial atom on which he vegetates, con« 
siders this atom as a world, and looks upon 
other worlds as atoms, ° 
This earth which we inhabit is scarcely dis« 
tinguishable among the other globes, and per-' 
fectly invisible to the distant spheres; it is at 
least a million times smaller than the sun by 
which it is illuminated, and even a thousand 
times less than some of the planets which, by 
iis influence, the sun compels to circulate 
round him. Saturn, Jupiter, Mars, the Earth, 
Venus, Mercury, and the Sun, occupy that 
VOL. X. Uu small 
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small portion of the heayens- which. did 
our Universe. These planets, withitheir.sa= 
tellites, moving, with amazing celerity inthe: 
same. direction, and almost in the same plane, 
compose a wheel, of,.an immense; diameter, 
whose axis. supports. the. whole weight, and! 
which by. the rapidity. of i itsown rotation, must) 
inflame and diffuse heat; and light, throughout. 
the whole circumference. As long as this rez. ; 
gular motion, continues, (and whieh; will. be 
eternal, unless the Divine Mover exert. the 
same force to destroy as He thought necessary to, 
create them) the sun willburn and: illuminate: 
all the spheres of this universe with his:s plen- 
dor; and as, in a system where the whole of. 
the bodies mutuatly attract each other, nothing, 
can be, lost or removed. without being return 
ed, the quantity of matter must always) remain. 
the same; this great source of light, and life 
can never be extinguished or exhausted, for 
other suns, which also continually daxt forth: 
their _fires,. constantly restore to. our,.sun as 
much light as they take from him. Comets | 
are. more numerous. than, planets, and. like 
them depend on the power of the sum; they, 
also press on the common focus, and. by aug- 

menting. the weight increase the inflammation. 
They may. also be said to form a part of our 
universe, 
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Universe, for, like the planets, , they are subject 
to the attraction of the'sun. But in their pro- 
jectileand impelled motions they have nothing 
in common either with each other or with the 
planets. Every one of them ‘circulates in a 
different plañe, and they each describe orbits 
in different periods of time ; for some perform 
their revolutions in a few years, while others 
requite several ‘centuries. The sun, simply 
moving round his own centre, remains, as 
it were at ‘rest in the midst, and, at the same 
time, serves as a torch; a focus, and an axis, 
to all and every part of this wonderful ma- 
chine. | 
That the sun continues immoveable, and re- 
g#ulates the motions of the other globes, is to'bé 
ascribed to his magnitude alone. The force. 
of attraction being in proportion to the mass of 
matter; as the sun is so considerably larger 
than any of the comets, and contains above a 
thousand times more matter than the most ex- 
| tensive planet, they can neither derange him 
nor diminish his influence, which extending to 
immense distances keeps the whole within the 
bounds of his power, and thus at particular 
periods recals those which have stretched fur- 
thest into the regions of space. Some of these 
on being brought back, approach so near the 
sun, 


332 . : BUFFON’S 


sun, that after having cooled for ages they re“ 
ceive an inconceivable degree of heat. From 
experiencing these alternate extremes of heat 
and cold, they are subject to singular vicissi- 
tudes, as well as from the inequalities of their 
motions, which at some times are most incon- 
ceivably rapid, and at- others so amazingly 
slow as to be scarely perceptible.. In compari- 
son with the planets the comets may be consi- 
dered as worlds in disorder, for to them the 
orbits of the planets are regular, their move- 
ments equal, their temperature always the 
same; they appear to be places of rest, where, 
every thing being permanent, Nature, has the 
power of establishing a uniform plan of opera- 
tion, and successively to mature her various 
productions. Among the planets the Earth, 
which we inhabit, seems to possess peculiar ad- 
vantages; from being less distant from the sun 
than Saturn, Jupiter, and Mars, it does not ex- 
perience that excess of cold; nor is it so 
scorched as Venus and Mercury, which appear 
io revolve in an orbit too near the body of that 
luminary. Besides, what a peculiar magnifi- 
cence from Nature does the earth enjoy? A 
pure light, gradually extending from east to 
west, alternately gilds both hemispheres of this 
globe; which is also surrounded with a pure 

| transparent 
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transparent element. By a mild and fertile 
heat all the germs of existence are animated and 
- unfolded, and they arenourished and supported 
by a plentiful supply of excellent waters. Con- 
siderable eminences dispersed over the surface 
of the land, not only check, but collect the 
moist vapours which float in the air, and give 
rise to perpetual fountains. ‘Immense cavi- 
ties evidently formed for the reception of those 
waters, separate islands and continents. The 
sea in extent is equal to that of the land: nor 
is this a cold and barren element, but a new 
empire, no less rich and no less furnished with 
inhabitants. By the finger of the Almighty 
the limits of the waters are marked out. If 
the sea encroach on the western shores, it re- 
treats from those of the east. This great 
mass of water, though inactive of itself, is agi- 
tated, and put in motion by the influence of 
the celestial bodies, whence arise its regular 
and constant flux and reflux ; it rises and falls 
with the course of the moon, and is always at 
the highest when the action of the sun and 
moon concurs; it is from these causes uniting 
at.the time of the equinoxes, that the tides are 
then higher than at any other time; and this 
is certainly the strongest mark of the connec- 
tion of this globe with the heavens. These 

general 
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general and constant motions are the cause of 
many variable and particular circumstances ; 
‘it is by those that the removals of earth are 
occasioned, which falling in the form of sedi- 
ment, produce mountains at the bottom of the 
sea, similar to those which are on the surface 
of the land; they also give rise to ‘currents, 
which following the direction of these chains 
of mountains, bestow on them a figure, whose 
angles correspond, and maintain a course in 

the midst of the waves as waters run ‘upon 
land ; they may in fact, be considered as sea- 
rivers. 

The Air being lighter and more ‘fluid than 
water, is subject to the influence of à greater 
number of powers. It is constantly agitated 
by the effects of the sun and moon, by the 
immediate action of the sea, and by the rare- 
faction and condensation ofheat and cold. The 
winds are, as it may be said, its currents ; they 
force and collect the clouds, they give rise to 
meteors, and transport the moist vapours of 
the ocean to the surfaces of islands and conti 

nents; from them pioceed storms, and they 
ei and distribute the fertile dews and rains 
over the land ; they interfere with the regular ; 
motions Of the sea, agitate the waters, some- 
times stop, and at Shien precipitate the cur- 
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| 
_ gents, elevate the waves, and excite dreadful 
storms, and: tempests. Forced by. them the 
troubled oecan rises towards the heavens, and 
with. a tremendous. noise and violence, rushes 
against, those immoveable barriers, which. it 
can neither destroy nor surmount. 

The earth being elevated above the level of 
the sea, it is thus defended, against its irrup- 
tions. Tis surface is. beautifully enamelled. 
with various flowers, and a constant renewing 
verdure; it isinhabited by. numberless species 
of inhabitants, among which, man, placed. to 
assist. the intentions of Nature, presides over 
every other being, finds a place of perfect re-. 
pose, and a delightful habitation, He alone is 
endowed with knowledge, and dignified with 
the faculty of admiration ; the Almighty has 
rendered him, capable of distinguishing the. 
wonders, of the universe, and a: witness of his 
increasing : -miracles, Animated by a ray of 
divinity, he participates { the mysteries of the 
Deity. It is by this ray that he is enabled to 
think and reflect, and that, he perceives and ün- 
derstands the wonderful works of his Creator. 

The external throne. of the Divine. mage 
nificence is Nature; and: man, by contem- 
plating her, advances by degrees to the internal 
throne of the Almighty. He is formed. to | 
in adore 
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adore his Creator, and to have dominion: over 
every other creature; he is the vassal of heaven, 
and the lord of the earth ; by him this nether 
globe is peopled, enobted, and enriched’; he 
establishes order, subordination, and harmony’ 
among living beings, and even to Nature her- 
self hé gives polish, extension, cultivation, and 
embellishment; for he cuts down “the -thistle | 

and the bramble, and, by his café, multiplies — 
the vine and the rose. In those dreaty désarts 
where man has not inhabited; we ‘find’ them’ 
éver-run with thorns and briars ; the trees de- 
formed, broken:and corrupted, ‘and the’ seeds: 
which ought to renew and embellish thescene 
are choaked by surrounding rubbish, and rex 
duced to sterility. ° Nature, whom we find in 


other situations ‘adorned with thesplendourof 


youth, has herethe appearance of oldage and 
decrepitude. Here the earth, overloaded with 
the spoils of its productions, instead of pre: 
senting a scene of beautiful verdure, exhibits 
only a rude mass of coarse herbage, and trees © 
loidéd with parasitical plants, as lichens, aga- 
ries, and other impure and corrupted fruits ; 
the low grounds are covered with putrid and 
stagnant waters ; these miry lands being nei- 
ther solid nor‘fluid, are not only impassable but 
are entirely useless to the inhabitants of both 

- land 
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land and water ; and the marshes abounding | 
with stinking aquatic, plants, serve only to nou- 
rish venomous insects,and to harbour infectious 
animals. There is, indeed, between, the pu- 
trid marshes of the low ground, and. the de- 
cayed forests of the high parts of the country,a 
species of lands, or savannas, but which are 
very different from our meadows; for in them 
theré is an abundance of noxious herbs which . 
_ spring up and check the growth of the useful 
kinds : instead of that delicate enamelled turf, 
which may be considered as the down of the 
earth, they are covered over with coarse vege 
tables and hard prickly plants, which ‘are ‘so 
interwoven, that they appear to have more con- 
nection with each other, than with the soil; 
and by aconstant and successive generation at 
length form a kind of rough mat several feet 
thick. In these uncnltivated and desolate re- 
gions,there is no road, no communication, and 
no vestige of intelligence. Man, when seek- 
ing to destroy the wild beasts, is compelled to 
foliow their tracks, and to be constantly ,on 
the watch, lest he should become a victim te 
their savage fury ; alarmed and terrified by 
their frequent roarings, and even awed by the 
profound silence of those dreary solitudes, he 
shrinks back and exclaims ; ** Uncultivated 
VOL. X. X x Nature 
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‘€ Nature is hideous and unflourishing ; it is 
6€ T alone who can render her agreeable and 
6 vivacious. Let us drain the marshes, and 
“ give animation to the waters, by converting 
€ them into brooks and canals; let us make 
“ use of that active and devouring element, 
<€ whose. power we have discovered ; let us 
€ apply fire to this burthensome load of vege- 
© tables, and to those decaying forests which 
*¢ are already half destroyed ; let us complete 
€ the work by destroying with iron what can-. 
‘€ not be removed by fire; and then instead 
‘6 of coarse reeds and water-lilies, from which 
‘€ the toad is said to extract his poison, we 
6 shall soon behold the ranunculus, truffles, 
‘€ and othermild and salutary herbs spring up; 
that land, which was formerly impassable, 
- & will become a flourishing pasture for flocks — 
_ of cattle, where they will find plenty of 
: € food, and where, by the excellence of their 
‘6: sustenance, they will increase and multiply, 
6 and thus reward us for our labours and the 
‘€ protection we have given them. » Letus go 
<¢ still further, and subjectthe ox tothe yoke ; 
“let his strength and weight of body be: em- 
: “ployed to plough the ground, which ac- 
é quires fresh vigour: from cultures Thus 
‘6 will the operations of Nature be assisted, 
‘6 and 
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** and acquire double strength and . splendor 
‘¢ from the skill and industry of man.” : 
How beautiful is cultivated Nature! How 
lovely does she appear when decorated by the 
hand of man! He is himself her chief orna- 
ment, her noblest. production, and by multi- 
plyimg his own species he increases the most 
precious of her works. She even seems to 
multiply in proportion to -his attention, for 
by his art hedevelopes all that she has conceal- 
-ed in her bosom. .Whata source of unknown 
treasures has been brought to light! flowers, 
fraitsand grains, matured to perfection, and 
multiplied to infinity ; the usual species of 
animals transported, propagated and increased, 
without number : the noxious and destructive 
kinds diminished and driven from the habita- 
tions of men; gold, and iron a more useful 
metal, extracted from the bowels of the earth ; 
torrents restrained, rivers directed in their 
courses and confined within their banks, and 
even the ocean itself subdued, investigated and 
traversed from one hemisphere to the other; the 
earth rendered active, fertile, and accesible, in 
every part ; the vallies and plains changed into 
blooming meadows, rich pastures, and culti- 
yated fields ; the hills surrounded with vines 
| . and 
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and. fruits, and their summits me with. 
useful trees x thedesarts convértéd into popu: 
lous cities, whose inhabitants spread from its 
ventte to its utmost extremities; roads and éom- 
munications opened, established and frequent* 
ed, a8 sé mañy proofs of the unionand strength 
of society There afe besides a thousand other 
monuménts of power ahd glory, which clearly 
‘demonstrate that man is the lord of the earth ; 
that he has changed and improved its surface; 
and that from the earliest periods: of time he. 
alone has divided the empite of = — bes 3 
twéen him ‘and Nature. 
> [tis by the right of conquest, née that 
he reigns; he rather enjoys than possesses; 
and it is by perpétual activity and vigilance 
that he preserves his advantage ; if those are 
neglected évéry thing languishes, charges, 
and returns to the absolute dominion of Na- 
ture, she fésumes her power, and destroys the 
operations of ian ; envelopes with moss and 
dust his most pompous monuments, and’ in 
the progress of time entirely effacesthem, léava 
ing him to regret having lost by his negligence 
what his ancestors had acquired by their in, 
“dustry. “Those periods in which man. loses 
his énipire, those ages in which every thing ya- 
liable perishes, commence with war, and are ~ 
ps completed 
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completed by famine and depopulation. | Als 
though thestrength of man dependssolely upon 
the union of numbers, and his happiness is de< 
rived from peace, he is, nevertheless, soregards. 
less of his own comforts as to take up arms and — 
to fight, which are never-failing sources of 
ruimand misery. Incited by insatiableavarice, 
or blind ambition, which is still. more insa- 
tiable, he becomes callous to the feelings of 
humanity ; regardless of his own welfare, his 
‘whole thoughts turn upon the destruction of 
his own species, which he soon accomplishes. 
The days of blood and carnage over, and the 
intoxicating fumes of glory dispelled, he be- | 
holds, with a melancholy eye, the: earth deso- 
lated, the arts buried, nations dispersed, an 
enfeebled people, the ruins of his own happi- 
ness, and the loss of his real power. 
.. Omnipotent God ! by whose presence Nature 
is supported, and harmony among the laws.of 
the universe maintained ; who seest from thy 
immoveable throne in the empyrean all the ce- 
lestial spheres rolling under thy feet without 
deviation or disorder; who, from the bosom 
of repose, every instant renewest their vast 
movements, and who alone governs in profound 
peace an infinite number of heavens and of 7 
cars, restore, restore tranquillity to a troubled 
world ! 
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world! Let the earth be silent ! Let the pre- 
sumptuous tamulis of war and discord be dis- 
pelled by the sound .of thy voice ! Merciful ~ 
God! author of all beings, whose ;aternal re- 

gards extend to every créated object, and to 

man, thy principal favourite; thou hast illu- 

rained bis mind with a ray of thy immortal 

light: penetrate also his heart with a shaft of 
thy love; thy divine sentiment, when univer- 

sally diffused, will unite the most hostile 

spirits; man will no longer dread the sight of 
roar, nor will his hand any longer continue to 

bearmed with murdering steel ; the devouring 

flames of war will no longer stop the sources of 
generations; the human species, which are 

now weakened, mutilated, and prematurely 

mowed down, will germinate anew, and mul-+ 

tiply without number. Nature, groaning un- 

der the pressure of calamity, sterile and aban- _ 
doned, will soon resume with additional vigout 
her former fecundity ; and we, beneficent God ! 
shalkaid, cultivate, and incessantly contem- 
plate her operations, that we, at every mo- 
ment, may be enabled to offer thee a fresh tri 
bute of a and ME 
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SECOND VIEWe 


Individuals of whatever kind, or however. 
numerous, are of no estimation in the universe; 
it is species alone that are existences in Nature, 
for they are as ancient and permanent as her- 
self. To have a clear and distinct idea of this 
subject we must not consider a species as a 
collection or succession of similar individuals, 
but as a whole, independently of aumber or 
time, always active, and alwaysthe same; a 
whole which was considered but as one in the 
works of the creation, and therefore constitutes 
only a unitin Nature. Of these units the hu- 
man species is tobe placed in the first rank ; 
all the others, from the elephant to the mite, 
from the cedar to the hyssop, belong to the se- 
cond and third orders. Notwithstand ing that 
they are different in form, substance, and even 
life, yet each sustains its appointed destination, 
and subsists independently of others, while the - 
whole, in a general view, represents animated 
Nature, who has hitherto supported, and will 
continue to support, herselfin the same man- 
ner as she is seen at present. Der duration is 


not 
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not to be estimated by a day, a year, an age, 
nor any given period of time, for time ite 
sclf relates only to individuals, to beings whose 
existence is limited. It is not so with respect 
to species, for their existence is constant ; their 
permanence produces duration, and their dif- 
ferences give rise to number. It is in this 
light that we must consider species, and give 
to each an equal right to the indulgence and 
support of Nature ; for so she has certainly’ 
considered them, by bestowing on each the’ 
means of existing as long as herself: ‘0 lon 
‘Let ‘us now consider the species as having 
changed places with the individual. In our 
preceding ‘observations we have seen the 
relation’ which Nature holds in respect ‘to 
man ; let us now then take a view in what light 
she would appear to a being who represented 
the whole human species. ‘We perceive that 
in the spring the fields renew their ver: 
dure, the buds and. flowers expand, ‘the 
bees-revive from their state of torpor, the 
swallows return to our climates, the night: 
ingale chatnts her. song of love, the lamb 
frisks, and the ‘bull Jaws ‘with desire, and 
all. animated creaitires are*eager to uilife 
and multiply their species; ‘and we’ can 
then have no ideas but those of repro- 
duction 
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duction and the increase of life. But when 
the dark season of cold and frost approaches, 
these same beings become indifferent to and 
avoid each other; many of the feathered race 
desert our clime, and the inhabitants of the 
waters lose their freedom under the massy con- 
gélations of ice; various animals dig retreats 
for themselyes in the ground, where they fall 
into a state of iorpor; the earth becomes hard, 
the plants wither, and the trees, deprived of 
their foliage, are covered with frost and snow ; 
every object excites the idea of languor and 
annihilation. These appearances, however, 
of renovation and destruction, images, as it 
were, of life and death, although they seem 
general, are only individual and particular. 
Man, as an individual, concludes in this mans 
ner, but the being whom we have supposed as 
a representative of the species, thinks and 
judges in a manner more exalted and general ; 
in that constant succession of destruction and 
renovation, and in those various vicissitudes, he 
perceives only permanence and duration. The 
different seasons in one year appear to him the 
same as those of the preceding, the same as 
those of millions of ages. The animal which 
may be the thousandth in the order of generae 
tien is the same to him as the first. Ina 
VOL. x. Y y word, 
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word, if man had no period to his existence; 
and if all the beings by which he is surrounded 
existed in the same manner as they do at pre- 
, sent, the idea of time would vanish and the in- 
dividual would in fact become the species. 
Let us then consider Nature for a few mo~ 
ments under this new aspect. Man certainly 
comes into the world enveloped in darkness. 
His mind is equally naked with his body ; he 
is born without knowledge and without de- 
fence, and brings nothing with him but passive - 
qualities. Heis compelled to receivetheimpres= 
sions of objects on his organs ; even the light 
shines on his eyes long before he is able to 
recognize it. To Nature he is at first indebt- 
ed for every thing, without making her any 
return. No sooner, however, do his senses 
acquire strength and activity, and he can 
compare his sensations, than he reflects upon 
the universe ; he forms ideas, which heretains, 
extends, and combines. Man, after receiving 
instruction, is no longer a simple individual, 
for he then, in a great measure, represents the: 
whole human species. He receives from his 
parents the knowledge which had been trans- 
mitted to them from their forefathers; and 
thus, by the divine arts of writing and print- 
ing, the present age, in some sort, becomes 
identified 
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identified with those that are past. This 
accumulation of experience in one man, al- 
‘most extends the limits of his being to infini- 
ty. He is born no more than a simple indi- 
vidual, like other animals, capable only of at- 
tending to present sensations; but he becomes 
afterwards nearly the being which we sup- 
posed to represent the whole species ; he reads 
what has past, sees the present, and judges of 
the future; and in the torrent of time, which 
carries off and absorbs all the individuals of 
the universe, he perceives that the species are 
permanent, and Nature invariable. As the 
relations of objects are always the same, to him 
the order of: time appears to be nothing ; he 
considers the laws! of renovation as only 
‘counterbalancing those of permanency. An 
uninterrupted succession of similar beings, is, 
in effect, only equivalent to the perpetual 
existence of one of them, 

What purposes then are gained by this im- 
mense train of generations, this profusion of 
germs, many thousands of which are abortive 
for one that is brought into life ? Does not this 
perpetual propagation of beings, which. are 
alternately destroyed and renewed, uniformly 
exhibit the same scene, and occupy the same 
proportion in Nature? From what cause pro- 

ceed 
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Gedd all thesé changes of life aiid death; thesé 
laws of growth arid decay, all these individual 
vicissitudés, and teitératéd reptesentations: of 
the satne identical thing? They certainly arise 
from the very essénce of Nature, and depend 
oh the first establishment of the universal mas 
chine; the whole 6f whith is fixed and stable, ¥ 
but each of its parts being endowed with thé 
power of motion, the general moverients Of 
the celestial bodies have produced thé partic 
ular ones of this terresttial globe. The pene+ 
trating forcés by which these immense bodies 
aré ahimated, añd by which they act recipros 
tally upôh each other at a distance, at thé 
same timé animate every particle of matter; 
and this sttone propensity, which every part 
has towards each other, is the first bond of _ 
béings, the ground of cônsisténicé and periitas 
nency in Nattre, añd the support of harmony 
in the universe. From thesé great Combinas 
tiohé the smaller relations aré derived. The 
éarth moving on its own axis haVing separated 
the portions of duration into day and might; 
all its aniifiated inhabitants Nave their stated 
- periods of light and darkness, of theif times of 
waking and sleeping. The action of thé 
Bensés, and the motions of the Members which 
th à eee re of the anitial economy, ate 
related 
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related to this first combination; for in a 
woild where perpetual darkuess reigned, 
would there be senses alive to the enjoyment of 
light. 

As the inclination of the axis of the earth, 
in its annual course round the suv, produces 
considerable variations of heatand cold, which 
We call seasons, all its vegetables have also, 
either wholly ot partially, their seasons of life 
Aiid death. The fall of the leaves, and the 
decay of fruits, the withering of herbs and thé 
destruction of insecis, depend entirely on this 
sécohd combination. In those climates where 
there is not this variation, by the inclination 
fot being so material, the life of the vegetable 
is not suspended, and every insect completes 
the stated period of its existence. Where the 
four seasons, in fact, make but one, as under 
the line, the surface of the earth is constantly 
Covered with flowers, the trees have a perpe+ 
tual foliage, and Nature seerns to enjoy à con- 
tinwal spring. 

- Both in animals and plants, their particulat 
constitution is relatively to the general tempe= 
yaturé of the éafth, and which temperature de- 
pends upon its situation and distance from the 
sun: If they were removed to a greater dis- 
tance, neither our animals,nor our plants,could 
five or vegetate ; the water, sap, blood, and 

| all 
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all theirliquors, would lose their fluidity; ifon 
the contrary they’ were more near they would 
‘vanish and dissipate in vapour. Ice and fire 
are the clements of death, and temperate heat 
the first support of life. The living particles 
so generally. diffused through all. organized 
bodies are related, not only by their activity 
but number, to the particles of light which 
strike and. penetrate almost all matter with 
their heat; for in every place where the sun: 
can heat the earth with its rays, the sure . 
face will be covered with ver:lure, and peopled 
with animals; even ice is no sooner dissolved 
into water than it swarms. with inhabitants, 
‘Water, indeed, is apparently more fertile than 
the earth ; from heat it receives motion and life. 
In. one season the sea produces more animals 
than the earth sustains; but its production, of 
vegetables is infinitely less. .And because 
that the inhabitants of the ocean have not.a 
a sufiicient and permanent supply of vegeta- 
bles, they are compelled to feed upon each 
other; and it is to this necessity that their 
immense multiplication may be referred. — 
_ As in the beginning every species was’ 
created, the first individual of each has served 
for a. model to their descendants. _ The body 
of cach animal or vegetable is.a mould, to 
which 
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which are assimilated indifferently the organic 
particles of all animals or vegetables which 
‘have been destroyed’ by death, or consumed 
by time. The brute particles, of which part 
of their composition was formed, returned to 
the common mass of inanimate matter; but 
the organic particles, whose existence is per- 
manent, are again resumed by organized bo- 
dies: they are extracted at first from the earth 
by vegetables, and then absorbed by animals 
who feed thereon; and thus serve for the sup- 
port, growth, and expansion of both. By 
this constant and perpetual circulation from 
body to body, they serve toanimate all orga- 
nized beings. ‘These living substances in 
quantity are always the same, and differ only 
in form and appearance. In fertile ages, and 
when population is the greatest, the whole sur- 
face of the earth seems to be covered with men, 
domestic animals, and useful plants. But in 
the times of famine and depopulation, the fe- 
- rocious animals, poisonous insects, parasitical 
plants, and useless herbs, resume, in theirturn, 
dominion over the earth. To man these changes 
are material, but to Nature they are perfectly 
indifferent. The silk worm so inestimable to 
the former, is to the latter only a caterpillar 
of the mulberry tree. Though this caterpillar, | 

which 
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which so materially assists in the supply ofour 
_ luxuries, should disappear; though the plants, 


"x Sale à à 


= nourishment, should be devoured by other car 


terpillars ; though still others should destroy 
the substance of our corn before the harvests 
in short, though man and the larger animals 
should be starved by the inferior tribes, Na- 
ture would not be less abundant nor less alive; 
she never proteets one at the expence of anos 
ther, but especially supports the whole, As 
to individuals she is regardless of number; she 
. considers them only as successive images of 
the same impression ; as passing shadows of 
which the species is the substance. : 

In earth, air, and water, then; there exists a 
certain quantity of organic matter which cans 
not be destroyed, but which is constantly assis 
milated in a certain number of moulds, that are 
perpetually undergoing destruction and re+ 
newal: these moulds, orrather individuals, tho’ 

varying in number in every species, are nevere 
theless always the same, that is, proportioned to 
the quantity of living matter ; and this appears 
to be absolutely the case, for if there were any 
redundance of this matter, or if it were not at 
all times fully occupied by the individuals of 
the 
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the species which exist, it would, most assur- 
edly, form itself into new species, for being 
alive it wouldnot remain without action ; and 
once uniting with brute matter is sufficient to 
form organized bodies; and it is by this con- 
stant combination, and invariable proportion, 
that Nature preserves her form and consistence. 
The laws of Nature, both with respect to 
the number ofspecies and of their support and 
equilibrium, being fixed and constant, she 
would invariably have the same appearance, 
and be in all climes absolutely the same, if her 
complexion did not so completely vary in 
almost every individual form. The figure of 
each species is an impression, in which the 
principal characters are so strongly engravenas 
never to be effaced ; but the accessory parts and 
shades are so greatly varied that no two indi- 
viduals have a perfect resemblance to each 
other ; and in all species there are a number 
of varieties. Thehuman species, which has 
such superior pretensions, varies from white to 
black,from small to great, &c. The Laplander, 
the Patagonian, the Hottentot, the European, 
ihe American, and the Negro, though theoff- 
-spring of the same parents, have by no means 
the resemblance of brothers. 
MOL. X. 2 2 It 
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It is evident, therefore, that every species ig 
subject to individual differences, but that each 
ofthem does not equally possess the constant 
varieties which are perpetuated through succes» 
sive generations; the more dignified thespecies, 
the less changeable is its figure, and the less are 
the varieties of it. The multiplication of ani- 
mals being inversely in proportion to their 
magnitude, as the possibility of variation must 
be in exact proportion to the numbers they 
produce, there consequently must be more va- 
rieties among the small than thelargeanimals ; 
and also, for the same reason, there will be a 
greater number of species which seem to ap- 
proach each other; for the unity of the spe+ 
cies in the large animals is more fixed, and the 
‘nature of their separation more extended. 
-What a number of various and similar spe* 
cies surround those of the squirrel, the rat, 
and other small quadrupeds, while the massy 
‘elephant stands’ alone, without a EER 
and at the head of the whole. : 

The brute matter, of which the oi 
of the earth is principally composed, is 
a substance that has not undergone many 

-alterations, though the whole has more 
than once been disturbed and put in mo- 
| | tion 
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tion by the handof Nature. The globe ofthe 
earth has been penetrated by fire, and after- 
wards covered and disordered by water. The 
sand, which occupies the interior parts of the 
earth, is a vitrified matter ; and the layers of 
clay, by which its surface is covered, are no- 
thing but the same sand having been decom- 
posed by the operation ofthe waters. Granite, 
free-stone, flint, nay, all metals, are compos- 
ed of this same Vitrified matter, whose parti- 
cles have been ‘condensed or separated,accord- 
ing to the laws of) their affinity. These sub- 
stances are totally destitute of animation ; 
they exist, and will continue to do so, inde- 
pendently of animals and vegetables. There 
are, however, many other substances, which, 
although they have the appearance of being 
equally inanimate, originate from organized 
bodies; and of this description are marble, 
lime-stone, chalk, and mari ; they being com- 
posed of the fragments of shells, and of those 
small animals which by transforming the wa- 
ter of the sea into stone, produce coral, and all 
the madrepores, whose varieties are num berless, 
and whose quantity are almost immense. Pit- 
coal, turf, and many other substances found in 
the upper strata, are also of this nature, they 
being only the residue of vegetables which 
any been more or less corrupted or consumed. 
Besides 
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Besides tliese, tliere are otliér substances which 
have heen produced by the second action: of 
fire upon original mattet ;: these are but’ few 
in number, and consist. of such : as puntice= 
stones; sulphur,the scoria of iron, asbestos, and 
lava. To one or other of these three great 
combihatioris may be referred all the relations 
of brute matter, and all es eybstein qu of we: 
mineral kingdom, 

The laws of affinity, by fnliioh ‘heli various 
particles of these different substances separate — 
from each other, in order to unite among thems 
selvés and form homogéneous masses, are pers 
fectly similar to that general law by which 
the celestial bodies act upon each other; in both 
cases their exertions are the same, Globules 
of water, of sand, or of metal, have the sattie 
influence, and act upon each other as the earth 
acts uponthe moon ; and if the laws ofaflinity 
have hitherto been deemed different. front 
those of gravity, il is because the subject has 
been considered in a very confined point of 
view. The muttal action of celestial bodies is 
very little influenced by figure; their distance 
from each other is so very great, that this is 
necessarily the case ; but when they are not far 

asunder, then theeffect of figure is considerable, 
For instance, if the earth and moon, instead 
of spherical figures, were both short cylinders, 
ee ae 
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and exactly equal throughout in their diame- 
ters, their reciprocal action would be very lit- 
tle varied from what it is at present, because 
the distances of all their parts fromeach other 
would be very litile changed. : But if these 
two globes were cylinders: of great extent, 
and approached near to each other, the law of 
their reciprocal action would seem to be dif- 
ferent, inasmuch as the distances of their 
parts would be greatly varied; and hence 
whenever figure becomes a principle in dis- 
tance the law will appearto vary, ps in 
fact it is always the same. 

The human intellect guided by this prin» 
ciple, may advance one step further in penes 
trating into the operations of nature. The 
figure of the constituent particles of bodies still 
remains unknown; we cannot entertain the 
smallest doubt that water, air, earth, metals, 
and all homogeneous particles, are composed 
of elementary particles, which are perfectly 
similar, although we are still ignorant of their 
figure. By the aid of calculation this at pre- 
sent unknown field of knowledge may be diss 
closed by posterity, and the figure of the ele- 
mentary bodies be ascertained with tolerable 
precision. They may take the principle we 
haye established as the basis of their enquiry ; 

namely,: 
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namely, € that all matter is attracted in the 

<< inverse ratio of the square of the distances _ 
and this law seems to admit of no variation 
6 in particular attractions but what arises from 
€ the figure of the constituent particles of each 
*¢ substance, because this figure enters as an 
6€ element or principle into the distance ;”’ and 
having once discovered, by repeated experi- 
ments, the law of atiraction in any particular 
_ substance, they may then, by the aid of caleu- 
lation, be able to trace the figure of its consti- 
tuent particles. To render this point more 
clear, let us suppose, that by placing mercury 
on a perfectly polished surface, repeated expe-. 
riments prove that this fluid metal is always 
attracted in the inverse ratio of the cubeof the 
distance ; it-will then become necessary to ine 
vestigate what figure gives this expression : 
and this figure will be certainly that of the con- 
stituent particles of mercury. If it should ap: 
pear, by such experiments, that the attraction 
of mercury was in the inverse ratio of the 
square of the distance, it would be clearly de- 
monstrated that its constituent particles were 
spherical, because a sphere is the only figure 


which observes this law, and at whatever dis- _ 


tance globes are placed the law of their mr 
tion is a ways the same. 


N Satish 
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_ Newton had some idea that chemical affinis 
ties(which are nothing more in fact than these 
particular attractions which we have men 
tioned) were produced by the same kind of 
laws as those of gravitation; but he does not 
appear to have perceived that all those parti- 
cular laws were merely simple modifications 
of the general one, and that their apparent dif 
ference arose solely from the circumstance of 
the figure of the atoms, which attract each 
other, having, when at small distances, a 
greater influence upon the force of this law 
than the mass of matter. 

It is, notwithstanding, upon this theory that 
the perfect knowledge of brute matter depends. 
The basis of all matier is the same, and its 
form throughout would be perfectly similar, if 
the figures of its constituent particles were not 
different; and thus it is that one homogeneous 
substance can differ from another only in pro- 
portion to the difference of their original par- 
ticles. A body composed of spherical particles 
ought to be one half specifically lighter than 
that whose particles are cubical, because as the 
first only ‘touch each other by their points, 
they leave intermediate spaces equal to what 
they occupy, whereas the cubical particles 
join without leaving the smallest iaterval, and 
must Le ee or a matter half as heavy 

agaki. 
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again. Although the figures are vanesdsiaty 
USE that variation is by no means so great — 
as we might imagine, since Nature-has fixed 
the limits of lightness and gravity. Gold and 
air, with respect to density, are the two ex- 
tremes, and therefore all the figures in Nature 
must be comprehended as coming between 
those two; such as would ‘have produced 
heayier or lighter substances have been res 
jected. | 
In speaking of figures, as employed by Na: : 
ture, I do not mean to imply that they must 
be necessarily, or are exactly, similar to those 
geometrical figures which we form in our 
imagination. We form laws by supposition, | 
and then endeavour to render them simple by 
abstraction. It is very possible that there are 
neither exact cubes nor perfect spheres in the 
universe; but as nothing certainly exists with- 
out form, asd as from the variation of sub- 
stances the figures of the elements are differ- _ 
ent,-some of them most undoubtedly must ap- — 
proach to ihe sphere, the cube, and all the 
other reguiar figures which we have congeived. | 

The precise, absolute, and abstract figures 
which our minds are so frequenily induced to 
admit, cannot haye any existence, because 
all objects are related, and differ only by al- 
most imperceptible shades. it is by the 
same 


a NATURAL HISTORY. - #6. 
same rule that when I speak of one substance 
as being entirely full, because com posed of cu, 
bical particles, and-anather as being not more; 
than half full, because its parts are spherical; 
I mean. only,comparatively, and not thatsuch. . 
substances really exist; for experience -has 
fully informed. us, that in, transparent,bodies, : 
such as glass, which is'both dense and heavy, 
there is but a small quantity of matter in pro- 
portion tothe extent of the intervals; nay,:as. . 
we have before observed; it might be.demon- : 
strated that even gold, which is the most dense . 
species. of sels has more vacuities Ahan | 
substance. 

To investigate the powers of Naturgii is ilie 
object of rational mechanics, while active me- 
chanics is solely confined to a combination of 
particular powers, and consequently the artof 
constructing machines.. This art has at.all 
. times,been certain of cultivation from necessity 
and..conyenience; and both ancients and mo- 
derns have equally excelled init. But rational 
mechanics is a science invented in our days’; 
for, from the days of Aristotle to these of Des- 
cartes, ; eVen the philosophers have reasoned n no 
Said to tube the effect for the cause. Im- 
pulsion was the only force with which they : 
VOL x, ; Aaa were 
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were ‘acquainted; to it: they attributed: the 
effects of others, and all the phenomena of the 
universe.’ If this idea ‘of theirs had been pro: - 
bable, or even possible, impulsion, which they 
regarded as the sole cause, must‘ have’ been’a 
general effect, which equally belonged to’ all: 
matter, and which equally exerted itself in all 
places, and at all times ; butevery day demon: 
strated the contrary to bé the’ fact; for they 
must-have perceived that this force had no ex+" 
istence in® bodies at rest; that it had‘ but a 
short subsistence in projected bodies,’ being” 
soon destroyed by resistance; that a fresh ‘im- ” 
pulse was absolutely necessary for its renewal, 
and that, consequently, :so far from being a 
general cause, it was only: a particular effect à 
produced'by others more general. ‘Lau 
It is true, however, that we ought:to consi-" 
der a general effect as a cause, for we carinôt 
become acquainted with the real cause ofthis 
effect, because all our knowledge is derived 
from comparison; and as there is not any 
thing to which we can compare an’ effect, 
which is supposed general, and equally belong+ 
ing to every thing, we can know it only by” 
the fact. According to this view, attraction, 3 
or gravity, being a general effect common 46 
all ni and clearly evinced ‘by the’ fact; 
ot 
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oùght: to! bé considered as a cause: :and to 
which all particular causes should beireferred, 
nay-even that of impulsion, since it is less ge- 
neral:and less constant ; and the principal dif 
ficulty is to perceive how impulsion canbe an 
effect ofattraction; for.if we rest on the coms 
munication of motion by impulse, we are then 
persuaded that:it can only be transmitted from 
onebody toanother by elasticity, and that allthe 
hypotheses, which ‘suppose a communication 
of;motion in hard bodies, are mere ideal fan- 
cies; which do-not exist in Nature... A per- 
fectly hard ora perfectly elastic body. is en- 
tirely imaginary, as neither of them really’ ex- 
ist 3! for, it {s ce¢tain that nothing exists ab- 
solutely or in extreme; and the. idea of :per- 
tion must suppose one or the other, ') » | 
» It'iscértain that if.there were no elasticity 
in: matter there would be no impulsive force ; 
for instance, if we throw a stone, the motion it 
acquires is communicated by the elasticity of 
the ‘arm. : When motion is communicated by 
one ‘body in action encountering another at 
rest, how can we possibly suppose it to be done 
otherwise ‘than by compressing the spring. of 
_ the elastic particles it contains, which recover 
ing itself almost immediately after, gives to the 
whole mass a force equal to that which it ree 
: ceived ? 
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ceived’? How'a ‘perfectly shard body: should 
admit this force, or-receive motion, is’ beyond 
comprehension ; ‘and: the, enquiry ‘is unneces+ 
sary, sineeno such body exists : for} all bodies 
are endowed with elasticity. The force of élecs 
tricitÿ is proved by experiments to be'elastic, 
and to belong to matters in general ; arid ‘there- 
fore, if io other easticity existed in-the‘interior : 
‘parts 6f bodies but that of this clecttical:inat- 
ter, that'would be sufficient for the commianicas 
tion of motion; and. coisequently tothis:great 
spring, asa general effect;the particularcanse _ 
‘of iti pulsion ‘must be atitibuted. ! 
Avlittle reflection’on themechanism:of elästis 
_eity-will convince us thatiits force depeñds on 
that-of attraction):"To-have-a stilbmore clear 
idea of this ‘subject; let ‘us suppose:a ‘spring 
the most simple; suchias ofa ‘solid angle of 
iron, or of any other hatd:substance,and:then 
see what will be the result of compressingrit. 
By compression: we ‘oblige the parts adjacent 
to the top of the angle to bend, or to. separate 
à little from each other; but the pressure being 
removed they again ‘approach as near:as they 
“had done before.’ “Their adhesion) fromwhich 
‘the cohiesion of bodies results, is clearly an ef- 
fect’ of their mutual:attraction.- Upon: the 
| pre being pressed this se is not des 
| stroyed, | 
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stroyed, because,’ although the particles are 
separated, they are not removed beyond the 
sphere of their mutual attraction; consequently 
the moment the pressure’ is taken away the 
force is renewed, the: separated: parts draw 
near, and their spring is'restored. | But if the 
‘pressure be too violent, they will, in that: case, 
be removed beyond the sphere of theit attrac- 
tion, and thecspring will breaks, because the 
compressing force will: be: greater than 'that-of 
cohesion, or that: of mutual) attraction,» by 
which the particles-are kept together. » This 
proves that, elasticity can only exert ‘itself-in 
proportion to the cohesion of the particles ‘of 
matter, that is, in proportion as they are united 
by the force of their mutual attraction; from 
which it results, that elasticity in general, 
which alone can produce impulsion, and im- 
pulsion itself, are owing to the force of attrac- 
tion, and are only particular effects which de- 
pend on that general one. 

Notwithstanding that these ideas appear to 
be perfectly clear to me, I do not expect to see 
them adopted. People in general reason only 
from their sensations, and natural philosophers 
determine from their prejudices ; as, therefore, 
both these must be-set-aside;-very few will re- 
main to form a proper judgment; but such 
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is the dignity of Truth, that:she is. content 
with a few admirers, and is always lost inva 
crowd ; she is at all times august and majestic, 
notwithstanding which she is: frequently ob- 
scured by fantasticopinions, and obliterated by 
fanciful chimeras.° I > however; ‘view and uns 
derstand Naturein this. manner; and am almost 
induced to believe that she 'isistillimore'simples_ 
the phenomena ‘exhibited: by “brute | matter is 
caused by a'single force, and from this force, 
combined with: that: of heat; /originate those 
diving particles which gave risetto; and sup- 
sport ally ‘the various ide au bf esau: ned 
dies.) | ] ft} où noir 
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